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PREFACE TO THE SECOND 

EDITION 



The first edition of this work having been exhausted 
in a comparatively short time, it has not been deemed 
necessary to make any very extensive alterations in the 
text. A number of new original illustrations have been 
inserted, mostly photomicrographs, where it has seemed 
that additional clearness might result. The chapter 
on Technic has been somewhat enlarged, a description 
of the ap^)endix and rectal valves added, and various 
small corrections made and details inserted. The au- 
thor wishes to acknowledge his thankfulness to tlie 
profession for their generally favorable reception of tlie 
first edition, and again to call attention to the fact that 
the work is intended not as an exhaustive treatise, but 
solely as an " Essentials ^' of Histology. 

Nashville, Tknn. 
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PREFACE. 



The main iutention io writing this work has been to 
collect within a limited space and in a convenient form 
the essential facts in histology. At the same time the 
author has endeavored not to sacrifice clearness and 
intelligibility to the necessarily great condensation. It 
is hoped that the work may find a field of usefiilness 
among graduates who have been some time away from 
the histologic laboratory, and become a trifle " rusty ; " 
among men who, having graduated at a time when the 
subject was not taught in most of the colleges, desire 
to acquire in a short time sufficient knowledge of 
histology to enable them understandingly to read path- 
ology ; and especially among students, to save them 
much of the inconvenience of taking voluminous nof«s, 
which always, to a greater or less extent, hampers a man 
and often causes him to lose some of the most impor- 
tant points in the endeavor to make a note of some 
trivial detail. 

Thanks are herewith tendered to my liead assistants, 
R. H, Hough and F. B. Wilson, for their valuable aid 
— to the former, for the preparation of most of the 
illustrations from original sketches by the author ; to 
the latter, for the arrangement of the manuscript and 
the preparation of many of the specimens from which 
the illustrations were made. 

Nashvillk, Tekn., Septeiaber, 1900. 
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HISTOLOGY. 



CUAPTER L 

Histology is the microscopic science of normal tis- 
sues. No matter how carefully we dissect the various 
tissues or organs of the body, we can with the unaided 
eye obtain but little knowledge of their ultimate com- 
position. An examination of the smallest portion of 
muscle, cartilage or bone, for instance, will reveal noth- 
ing which could not be seen in a gross specimen. 
The moment, however, we bring the microscope to 
bear upon any organ, an astonishing complexity of 
structure is revealed. The whole field of view is seen 
to be composed of minute bodies, differing greatly in 
appearance from the tissues they compose, and arranged 
in more or less definite order. These small bodies have 
received the name of cells, and are the histologic units. 

CELLS* 

A cell is a microscopic, protoplasmic mass, which, 
when typical or complete, contains cell-wall, cell-body, 
nucleus, nucleolus, and centrosome. 

Some cells lack one or more of the above, and are 
said to be atypical or not complete — c. g,, the red cor- 
puscle contains usually neither nucleus, nucleolus, nor 
centrosome. The loss of these constituents can usually 
be traced to some stage of development. 
2 17 



Cell-body. — The cell-body, protoplasm, or cyto- 
plasm, as its Dame implies, constitutes the lai^est part of 
the cell. It is suirounded by the cell-wall, and incloses 
the nucleus, nucleolus, and centrosorae. The relative 
size and the internal structure of the cell-body vary 
greatly according to the locality from which the cell is 
taken. When examined under a high magnification, 
the cell-body is seen to consist of a network or reticu- 
lum of exquisitely delicate fibers (the spmigioplasm), 
the interstices of which are filled with a transparent, 




homogeneous substance (the hi/aloplami). Besides these 
two substances, we usually find some small granules 
embedded in the hyaloplasm. These are usually be- 
lieved to be not a part of the cell, but rather tlie result 
of some vital change in the cell-substance, or in some 
cases to be partially assimilated substances fi-om witli- 
out. Tliese granules have received the special name 
of metaplaam or mia-oaomes. 

At the outer edge of the cell-body there is usually 



NUCLEUS.— CENTROSOME. Ill 

a. narrow zone which is free from microsomes, aud 
which has received the distinguishing name of exoplatim. 
Cell-wall. — Tlie cell-wall is a delicate, structureless 
membi-aue enveloping the cell, aud is derived from the 
cell-botly. 

Kucleus. — The nucleus is an easily discernible, 
highly refracting body lying within the cell. It is 
quite complex in structure. Under a high magnilica- 
tion we are able to distinguish — 
(a) Nuclear Membrane. — A very thiu membrane sur- 
rounding the nucleus (sometimes absent), 
(6) Nttclear Network. — A network of fine, strongly 
staiuing threads or filaments called chromatic fila- 
ments. These filaments exhibit along their course, 
and also at their points of intersection, certain thick- 
enings called nodal enlargements or net knots, 
(c) Nuclear Matrix. — A transparent, gelatinous, semi- 
fluid substance which occupies the space between the 
fibrils and tlie nuclear network. 
ITucleolus. — The nucleolus [plara], nucleoli) is a small 
spheric body usually lying in the nuclear network. 
There may be several of these bodies in a single cell. 

Centrosome. — Tlie centrosome is a very minute 
body usually situated in the nucleus and surrounded by 
a amall clear area. During eell-division, however, it is 
found in the cell-body. Kadiating from the centrosome 
to the chromiitin filaments are found a number of straight 
lines, which are extremely fine and very difficult to 

The nucleus seems to be the part of the cell which 
contains and transmits the hereditary characteristics. 
The centrosome apparently controls the reproduction of 
the cell. 

Properties of the Cell. — As the body is but a col- 
lection of cells and intercellular substance, it is natural 
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CELLS. 



for us to expect to find the cell possessing certain attri- 
butes which characterize a living organism. Among 
these properties may be named — 

Mdabolism — absorbing nutrition and excreting waste. 

Orofwth* 

Refprodudion. 

IrritabUity — response to stimulation. 




Fig. 2.— Cells from various localities : a, Squamous epithelial cell from 
tongue; b, ciliated epithelial cell from trachea; c, smooth muscle-cell from 
uterus ; d, pigment cell from choroid coat of eye ; e, eosinophile cell from blood ; 
/, cell from liver. 



Motion — in some cells from place to place, in others 
simply the extension and retraction of the cell-body. 

Function, — All normal cells have a certain life-work 
to perform, which is called their function. 

Origin of Cell. — ^AU cells originate from a preexist- 
ing cell, and can not be generated spontaneously. 



MODES OP CELL-DIVISION. 21 

Modes of Cell-division. — Two modes of cell-divi- 
sion are known — (^1) direct division or Inuiding ; (2) indi- 
rect division, karyokinests, mitosis, or karyomiiosis. 

Direct Division. — In tlie process of direct division 
a constriction occurs in the center of the cell which 
increases until the cell is split in two. 

Mitosis.^The process of indirect division is by fur 
the more frequent and complicated method. The pro- 
cess is chiefly concerned in the nucleus, and has been 
divided into stages for the sake of convenience of de- 
scription, although, of course, in reality tliey merge 
imperceptibly from one into the other. 

Resting Stag;e. — In this stage tlie cell is, as has been 
described, above the chromatin filaments, being arranged 
in a network. 

Ciaae Skdn. — The centrosome leaves the nucleus and 
divides into halves, wliicli proceed to opposite poles of 
the cell and, together with tlieir radiating lines and 
clear zone, are called attraction spheres. The nuclear 
network resolves itself into a fine close skein. 

Loose Skein, or WraUk. — The akein becomes less 
tangled and more distinct. It then resolves itself into 
a number of convolutions arranged as a wreath. (See 
Fig. 3.) 

Monasta: — The loops of tlie wreatli separate, leaving 
a series of V-shaped threads witli the a]>ex of the V 
toward tlie amter of the cell, giving a radiating or star- 
form, hence the name, 

IHastcr. — Each V shape in the monaster now splits 
horizontally into exactly similar halves whose apices 
begin to diverge from their respective opposite halves 
and point toward the nearest attractive sphere. 

In this condition they present the appearance of two 
stars, each consisting of half the monaster, called 
daughter stars. 
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Division of Nucleus. — These daughter stars separate 
from each other, going toward the attraction sphere, 
and the sides of the nucleus begin to constrict at a zone 
between the daughter stars. This constriction pro- 
gresses until we have the nucleus divided into two. 
Ekch half contains a daughter star and an attraction 
sphere. 

Division of Cell-body. — The cell-wall next assumes 
an indentation, which increases in size until the cell is 





wm 









Fig. 3. — ^Diagram of stages of karyokinesis : a, Resting stage; 6, close skein 
stage; c, d, loose skein or wreath stage; e, monaster stage; /, diaster stage; g. 
showing constriction of cell-body and two nuclei in loose skein ; A, cell divided 
completely, nuclei in resting stage. 



divided in two, a half of the original nucleus remaining 
in each half cell. 

Reverse Procedure. — ^The chromatin fibrils in the 
daughter stars now begin to undergo a reversed pro- 
cedure. 

The ends of the V-shaped fibers unite to form a 
wreath which tangles to become a dose skdn, which 
relapses into the nuclear network found in the resting 
stage. The nucleoli reappear. 

The attraction sphere once more enters the nucleus, 



DEVELOPMENT. 

and we have two cells, which are identical (except iii 
»ize) with tlie parent cell. 

Time Required. — Theao changea, while complex, take 
place rapidly. In the human subject half an hour may 
be sufficient to complete the cycle. 

Derelopmeot. — It has been stated above that cells 
are always produced by preexisting cells. This would 
lead us to suspect that the origin of the adult animal 
might 1)6 traced backward to a single cell. 

Ovum. — In man this origin may be traced to tlie 
omim, a complete or typical cell generated in the ovary 
of the female. This cell passes down one of the Fallo- 
pian tubes to the uterus, meeting and uniting, on the 
way down, with a spermatozoon (the male element), 
provided conception has occurred. 

In the uterus it multiplies by indirect division into 
two, these two into four, then into eight, etc. For some 
time this process is kept up, the cells arranging them- 
selves to form a spheric mass, which has been termed 
the mulberry mass, 

Multiplicationof some groups of cells now proceeding 
faster than others, the mass begins to flatten and 
lengthen, and eventually arranges itself into three super- 
imposed layers, called the primary germ layers. 

Primary Germ Layers. — The upper layer is called 
the epiblrid, or e^ioilei-m ; the middle layer is called the 
niesobfasf, or meaode-rm ; the lower layer, the hifpobhmt, 
or entoderm. To these some writers liave added a fourth 
layer, the parabiont. 

Specialization. — The cells of these layers in their 
growth now l>egin to assume certain characteristic 
pectdiarities, which differentiate them more and more 
and cause them to resemble the various tissues they are 
to form. This process of specialization proceeds in a 
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regular and definite form, the same layer always pro- 
ducing the same structure in the adult. 

Tissue. — A tissue is an aggregation of similar cells 
and intercellular substance having a common function. 
The principal tissues originating from the primary germ 
layers are as follow (from Piersol) : 

From the epiblastj or ectoderm, are derived the epi- 
thelium of the outer surface of the body, including that 
of the conjunctiva and of the anterior surface of 
the cornea, the external auditory canal, together with 
the epithelial appendage of the skin, as hair, nails^ 
sebaceous and sweat-glands. 

The epithelium of the nasal tract, with its glands and 
communicating cavities. 

The epithelium of the mouth, and salivary and other 
glands discharging into the oral cavity. 

The enamel of tlie teeth. 

Tissues of the nervous system. 

The retina of the eye. 

The epithelium of the membranous labyrinth. 

The pituitary and pineal bodies. 
From the meaoblast : 

The connective tissues. 

Areola tissue. 

Tendons. 

Cartilage and bone. 

Dentin of teeth. 

The muscular tissue (except that of sweat-glands). 

The tissue of the vascular and lymphatic systems, 
with their endothelium and circulating cells. 

The sexual glands and their excretory passages as far 
as the termination of the ejaculatory ducts, the vagina, 
the kidneys, and ureter. 
From the hypoblast, or entoderm : 

The epithelium of the digestive tract, with that of all 



the glandular appendage, with the exception of those 
earned as heing of epiblastic origin. The epithelium 
of the respiratory tract. 

The epithelium of urinary bladder and urethra. 

The epithelium of thyroid and thymus bodies (iu the 
latter, Hassel's corpuscles). 

If we consider the parablaet as one of the germ lay- 
ers, we must orait certain structures from the above 
classification, as follows : 

Tissue developed from parablast. 

Blood-vessels. 

Lymphatics and lymph-glanda. 

Bl ood-corpuscles. 

Connective tissue. 

AU the tissues of the body may, for convenience, be 
divided or classified into five groups — viz.; (1) Epithe- 
lial tissue ; (2) connective tissue ; (3) muscular tissue ; 
(4) nervous tissue ; (5) fluid tissues. 

The Connective Tissue. — The principal connective 
tissues are — mucous, white fibrous, yellow elastic, adi- 
pose, retiforni, cartilage, l)onf, and dentin. 

Areola tissue is a tissue composed of white fibrous, 
ycllnw elastic, and adipose tissues in varying amotmts. 

Mucous tissue is composed of lai^e branching cells 
surrounded by a soft gelatinous substance (mucin). In 
the adult it is found iu the vitreous humor of the eye. 
In the embryo it occurs in the umbilical cord and in 
the subcutaneous tissue. 

White fibrous tissue is made up of very fine, deli- 
cate fibrils, which run more or less parallel, do not 
branch, and are united to form bundles. These bundles 
may unit« to form lai^r bundles, or may cross to form 
a regular network. Two kinds of cells are found in this 
tissue — known as the vnndering and the fixed cells. 
The fi.xeil cells arc irregularly stelhtte, and are direct 
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descendaotB of the mesoblastic cells. It is through the 
agency of these celb that the libers are formed. The 
wandering, or migratory, cells are originally white 
blood-corpuscles that have wandered into the tissue by 
virtue of their ameboid motion. When boiled, white 
fibrous tissue yields gehitin. This tissue is found in a 







great variety of locations, being probably the tissue most 
frequently met with in the body, serving as it does 
to form a framework for all the organs, to bind indi- 
vidual fibers of muscles and nerves, and as a support 
to blood-vessels, lymphatics, and nerves. 

Tendons. — The tendons are strong fibrous cords 
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serving to unite muscle to bone. These corda are made 
up of numbers of bundles of dense white fibroua tissue, 
called secondary bundles, and are continuous with the 
fibrous investment of the muscular tibers, which are 
bound together by circularly disposed bands of areola 
tissue. Each bundle of fibers can be subdivided into 
smaller bundles of very delicate fibrillEB, called •primary 
bundUs. Between these primary bundles are numbers 
of large irregularly branched iffndon cells, whose pro- 
cesses extend around and are firmly applied to the sides 
of the adjoining bundles, thereby aiding in holding them 
together. Blood-vesselsand occasionally a small nerve- 
fiber are found in the areola tissue surrounding the 
secondary bundles. 

Yellow elastic tissue conaiata of branching fibers 
that form an elastic network in various locations. The 
fibera are under some tension, and when broken tend to 
curl up at the ends. This tissue usually occurs associ- 
ated with others of the connective-tissue group, as, for 
instance, in areola tissue. It may, however, be found 
nearly free from other admixtures in the ligamentuin 
nuchie or in the subfiava, in which case the fibers are 
much thicker and larger than in other localities. It 
occurs in considerable amount in the subcutaneous 
tissue, arteries, lungs, capsules of oi^ms, and in the 
mesentery, omentum, and other serous membranes. 

Adipose tissue is composed of lai^, clear, poorly 
stained spheroid cells, known as fat-cells, supported by 
white fibrous tissue. The fat-cells are derivwl from 
the fixed connective-tissue cells by a change of the 
protoplasm into an oily substance and tlie probable 
absorption of additional substances from without. 
During this process the irregular cell-wall of the fixed 
connective-tissue cell is distended until it assumes a 
spheric shape, the nucleus meanwhile being pushed to 



one side of the cell. Uoder adverse circumBtaDoes, as 
in Btarvation, the &t-oell may returo to its orig^oal 
form, Cryst^s of fetty acid (margarin) are frequently 
seen in adipose tissue. This tissue occurs in varying 
amounts in areola tissue under the skin, between muscles. 
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and surrounding nearly all the viscera with the excep- 
tion of the brain and splniil cord, 

Retifomi tissue consists of a fine reticulum of 
fibrous tissue. The fibers are usually closely enveloped 
by flat, irregular, connective-tissue cells. 

Adenoid tissue is retiform tissue that has entangled 
in its meshes numbers of small, round, lymphoid 
cells. 
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CARTILAGE. 

There are tlirce main \arieties of cartilage — viz. : 
Hyaline jellow elastic and whte til rous V f'jurth 
variety, cellular a aometinies mentioned but it is not 
fonnd in man 

All varieties are surrounded b> a fibrocellular mom- 
brane called p«M.Ao I i ii Th s mc nbnme is divided 




into an outer part, or fibrous layer, in which whit* 
fibrous tissue preponderates, and an inner, or eeUular, 
layer, in which the connective-tissue cells occur in great 
numbers. These two layers merge insensibly into one 
another. 

Hyalioe cartilage is composed of a firm, trans- 
lucent, bluish, opalescent substance called mairii; or 
ffrownd uub^anct. 



CELTS. 



This a s 
mcaDS of bsiC a 
ous, bu b pe a 
resolved to 
stance. Sea hI 
small spa ca -d 

The port of he n a 



d ta e und ordinary 

p ai>i be n re y homogene- 

od o p a may be 

fibers uu d b n ment sub- 

1 tl rough h ma nx are found 

mn ed at«. y s rounding 




the lacutite is denser than usual and is called the capstde. 
Within the lacunse lie the cariUage-cdIs, which are 
but specialized connective-tissue cells, the descendants 
of the cells in the lower layer of the perichondrium. 
They are large cells with granular nuclei and relatively 
good-sized cell-bodies, which frequently contain vacu- 
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oles. As neither -blood-vessels iior lymphatica liuve 
been positively demonstrated in human cartilage, its 
mode of nutritiou is still a problem. Some of the 
lower animals, however, have minute channels, called 
canaliculi, connecting the lacuna) and conveying lymph 
to the cells ; reasoning by analogy, it is plausible to 
believe that such canaliculi may exist undemonstrated 




as yet in the human tissue. Hyaline cartilage occurs 
in many localities where a strong yet flexible and re- 
sistent tissue is required — e, g., articular cartilage, costal 
cartilage, trachea and bronchi, the Eustachian tube, 
and nose ; in the embryo it is the progenitor of tlie 
entire osseous system, with the exception of some of 
the flat and irregular Ixmcs of the sliuU. 
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White fibrous cartilage is essentially a hyaline car- 
tilage that has numerous bundles of white fibrous tissue 
coursing in all directions through its matrix. The cells 
are usually more sparsely distributed and the capsule 
denser than in the hyaline variety. These characteris- 
tics adapt the fibrous cartilage particularly to locations 
where great tensile strength combined with flexibility is 
required. Hence, we find it in the symphysis pubis, 
the intervertebral discs, the sternoclavicular and tempo- 
romaxillary articulations. 

Yellow elastic cartilage, or reticular, cartilage, 

resembles hyaline cartilage in all respects save that it 
has in addition a network of yellow elastic fibers within 
its matrix. These fibers, as a rule, do not envelop 
the lacunae very closely, but leave clear areas around 
them, within which the cells can be easily seen. This 
addition of elastic fibers produces a tissue that is pli- 
able yet elastic. We find such tissue of special advan- 
tage in such localities as the external ear, the epiglottis, 
the arytenoid cartilage, and cartilage of Santorini or of 
Wrisberg. 

Cellular cartilage does not occur in the human 
subject, but may be found in some of the lower animals 
— e. g., the ear of rats and mice. It consists of very 
numerous and closely aggregated cartilage-cells that 
have no matrix proper surrounding them, but are re- 
tained in position by an intercellular cement substance. 

In old age, deposits of calcium salts may be found in 
any of the cartilages ; when so found, the cartilage is 
said to be calcified. By the action of prolonged boiling, 
chondrin can be extracted from the cartilage. 
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QUESTIONS FOR CHAPTER I. 




1 1. 


What is histology? 




2. 


What is a cell? 




3. 


What Btmotnrea does a tjTiical cell contain? 




4. 




eio- 


pUmi 


? 




5. 


What is the cell-wall ? 




6. 




net- 


work 


" nuclear matrix? 




7. 


WhatiathenuoleoInB? 




8. 






9. 


Name the propertiea of the cuIL 




10. 




irri- 


lability? motion? function? 




11. 


How may a cell divide? 




13. 


What is meant by direct division ? 




13. 


Name the synonyms of iodireot division. 




14. 


Describe the procwa of indirect cell-diTidon. 




IS. 


Wliot is the origin of all cells? 




10. 


What are the primary germ-layera? 




]7. 


What tisanes are developed from the epiblast? from the ■ 


meeoblBBt? rrom tbu hypoblast? 


■ 


19 


What is meant by the parablast? and what tisanes ar 


dc- ■ 


velopedfromit? 


1 


19. 




I 


20 


Name the connective tisanes. 


m 


31. 


Deflcribe muoons tissue, white fibrons tissDc, tendon, yellow ^H 


elaatio tisane, adipose tissne, retiform ttaaue, adenoid tisaae. 


H 


22. 


Name the varieties of cartilage. 


■ 


23 


What is the periohcmdrinm ? 


H 


24. 


Desoribe hyaUne oartUagB. 


H 


36. 


What U ite matrix? What are ita laonntc? What 




capsule? 




26 


Deaoribe white fibrona cartilage. 


^^1 


27 


Describe yeDow eIa.gtio cartilage. 


^^M 


28 

L 


Describe oelliOar cartilage. 
3 


■ 



CHAPTER IL 



BONE. 



Histologically, there are two types of bone, the 
compact and the spongy or cancellated. Covering the 
surface of bone, except at articular surfaces, we find a 
membrane, tlie periosteuniy which is analogous to the 
perichondrium in cartilage, and, like it, consists of two 
layers — an oider fibrous and an inner or cellular. The 
outer layer consists principally of white fibrous tissue. 
The cellular layer contains many more connective-tissue 
cells, which gradually become more closely aggr^ated 
as we proceed toward the osseous surface, leaving no 
sharply defined line of demarcation between the two 
periosteal layers. As the bone is developed through 
the agency of the periosteal cells, they are sometimes 
called the osteogenetic cells, and the cellular layer, osteo^ 
genetic layer of the periosteum. 

Compact bone occurs in the shafts of all the long 
bones, at the inner and outer tables of the flat bones, 
and as a thin layer around the periphery of the irregu- 
lar bones. It is not a homogeneous structure, but is 
composed of thin layers of osseous substance, character- 
istically arranged, called lameUce, At the inner and 
the outer (medullary and subperiostal) surfaces are a 
number of lamellae of bone arranged concentrically 
with the periphery and called the circumferential 
or fundamental lamellae. Between the inner and 

outer circumferential lamellae we find the osseous sub- 

34 
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stance, arranged in systems of concentric layers, each 
system virtually fbnning a tube with laminated walla. 
These tubes, for the most part, run parallel to the long 
axis of the bone, but at frequent intervals are united by 
diagonal branches, so that the lumens fomi a continu- 
ous network of canals. These canals conmiunicate with 
the medullary cavity, and serve to transmit blood- 
vessels, nerves, and lymphatics, which are supported 




by a fine prolongation of the marrow roticuhim. These 
tubes are called the Haversian canals ; the strata of 
their walls, the Haversian or special lamellte ; and 
the canaU, together with their bounding lamellfe, con- 
tents, and bone-cells (soon to be described), constitute 
the Haversian system. The more or less triangular 
spaces between adjacent Haversian systems are occupied 



BONE. 

by iiKlefiiiitely arraugcd hiyerri of bone, Palled the 
interstitial or ground lamellK. Besides the Haver- 
sian cauals there is anotlier »ysteiii of blood-chaunels. 
These occur scattered tlirungli the circumferential 
lamellffi, and have received the name of Volkmann's 
canals. Tljeii- lilood-v.-ss.^ls .■i.i.imiiiiicate l^.th witJi 




the surface of the bone and with the Haversian cam 
There is no Bpecial arrangement of the bone around ti 
Volkmann's canals, as occurs around tlic Haversians 
systems, the former being simply spaces between the V 



Scattered between the individual lamelhe of all three i 
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S7 



types we find many elongated, thin spaces — the cell- 
spaces, or lacuns. In the circumferential lamellse 
their long axes correspond to the long axis of the bone. 
In the Haversian lamellte the lacunse are slightly curved 
laterally, to conform to the general concentric annular 
arrangement. In the interstitial lamellse there seems to 




be no special arrangement, but in a general way the long 
axes of the lacunse correspond to that of the bone. 

Radiating in all directions and connecting the lacunee 
are minute canals, culled catialiculi, which serve to 
transmit nutriment to the cells within the lacunte and 
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communicate with the lymphatics in the canals. While 
the canaliculi radiating from the lacunse of a Haversian 
system intercommunicate very freely, they rarely or 
never have any direct connection with the adjacent 
systems. 

In dry preparations of bone which have been ground 
to the requisite degree of thinness for microscopic ex- 
amination the lacunae and canaliculi become filled with 
particles of dirt and debris and appear black. 

In sections which have been decalcified, however, the 
lacunae are found to contain cells with long protoplasmic 
prolongations reaching into the canaliculi. These are 
the true bone-cells, or bone-corpuscles. If some of 
the outer lamellae be forcibly torn off, there will be 
observed occasional fibers which penetrate the bone 
vertically to the surface. These fibers are the remains 
of old periosteum which in the process of bone forma- 
tion have failed to be displaced by the newly depos- 
ited subperiosteal bone. They are called [yerforatin^^ 
fibers of Sharpey. 

Spongy or cancellated bone differs from the com- 
pact in that the plates or spicules of which it is com- 
posed have no regular arrangement into a system, but 
unite irregularly to form a honeycombed mass, the cavi- 
ties of which are filled with marrow. The nutrition 
of the bone is derived from this marrow, hence there 
is no need for special blood-vessels. Spongy bone is 
found at the ends of the shafts of long bones and at 
the centers of the short and flat bones (the apophyses 
and diploe). At this place it might be well to call 
attention to several points in which bone and cartilage 
are analogous — ^viz. : 

1. They both have a common mesoblastic origin. 

2. Both are covered by similar membranes — ^peri- 
chondrium, periosteum. 



3. Both are composed of cells embedded in au indif- 
ferent matrix. 

4, Both have similar functioDs — supportive frame- 
work. 

HARROW. 

There are two kiuds of marrow: the red, whidi occurs 

iu s[K>ngy bone, — priiiciiKilly in the flat bones, tlie ver- 




tebrae, the ateraum, and the ribs, — and the yel//nr, which 
is found principally in the medullary cavities of the long 
bones of the extremities. Small prolongations also ex- 
tend int") the larger Haversian canals. 

The red marrow contains a rather ddiGote reticulum 
or network (if connective tissue, embedded in the inter- 
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stices of which are very numerous ceZfe. These cells 
differ widely, and may be divided into five principal 
classes — viz., myelocyteSy erythroblasts, eosinophileSf basch- 
phUeSj and giant cells. 

The myelocyte, myeloplax, or marrow cell, is a 
moderate-sized cell capable of ameboid motion ; it has 
a well-marked cell-body, and usually a single round 
nucleus. The cell-body frequently contains granules, 
which stain in neutral dyes (neutrophile granules). 
These cells are the most numerous in red marrow. 

The erythroblasts, or hematoblasts, are rather 
smaller cells than the preceding, and contain a relatively 
smaM cell body, yellowish in color, containing hemoglo- 
bin (the oxygen-carrying element of the red blood- 
corpuscles) and a nucleus, which is frequently seen in 
process oi division. These cells develop the colored 
corpuscles of the blood. 

The eosinophiles, or acidophiles, resemble the 
myelocytes, but frequently have very irregularly shaped 
nuclei, and contain many large granules, which stain 
intensely with acid dyes (eosinophilic granules). 

The basophilic cells, plasma cells, or mastzellen, 
resemble the eosinophiles excepting that the contained 
granules stain only in a basic dye. These cells occur 
only infrequently. 

The giant cells are very large, irregularly shaped, 
ameboid cells, and usually contain many nuclei. They 
play an important part in the development of bone, and 
are then called osteoclasts. (See Developing Bone.) 
The nuclei of all the preceding varieties of cells are 
frequently seen in process of karyokinesis. 

The yellow marrow differs from the red in that 
almost all the marrow-cells have been transformed into 
fat and the connective-tissue reticulum is slightly in- 
creased. 
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The marrow is well supplied with blood-vessels, 
lymphatics, and nerves, which come from the periosteum 
through the Volkmanu's and the Haversian cauals. 

DEVELOPMENT OF BONE. 
Bone may be developed in one of two ways : 

1 , From cartilage — the Iniracartiloffinoiis develop- 
meni. 

2. Under or between layers oi periosteum, — the hiira- 
meiiAranous devetopm.ent. 

In the embryo, all the bones of the body, with the 
exception of a few in the head, are outlined by solid 
hyaline cartilage, and covered by a membrane — the 
primary jwriosteum — having the same struetiire as the 
perichondrium in other places. The development of 
adult bone i'rom these cartilages begins at certain con- 
stant and well-defined points, which are called centers 
of ossification, and are usually situated a short distance 
from the ends of the bones. The cartilage-cells at these 
points enlar^ considerably and arrange themselves in 
longitudinal rows, the matrix meanwhile increasing 
somewhat in amount and becoming infiltrated with 
lime-salts ( primary oalcificaiion^, and thus inclosing the 
cells in small calcareous compartments called primary 
areolte. 

While this is going on, small blood-vessels penetrate 
the cartilage, and upou reaching the vertical layers of 
cells, proceed to absorb tJie transverse plates of the 
primary areolse, producing numerous vertical tunnels 
surrounded by walls of calcified matrix. These vessels 
are accompanied by numerous cells from the nnder layer 
of the periosteum, called the osteoblasts. During this 
process the cartilage-cells are probably absorbed. 

The osteoblasts in the tunnels now multiply greatly, 
and, arranging themselves around the tunnel walls, 



49 Boim. 

secrete aroimd themselves a layer of bone. Within i 
this fresli osteoblasts arrange themsetvea aud secrete 
another layer of bone. This process is repeated until 
usually five or sis concentric layers of bone, surround- 
ing the central blood-vessels and some cells, have been 




deposited, These concentric layers of bone, containing 
the cells which produce them, and central vessels, 
together with nerves and lymphatics, which develop a 
little later, constitute the Haversian sy^ems of the adult 
bone. At this stage of the development the bone will 
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consist thruugliout its thickness of Haversian systems 
rather loosely held together. A number of very lai^, 
irregular, niultinaclear cells (the osteoclasts) now ap- 
pear in the more central portion of the bone and proceed 
to cause the disintegration of the adjacent Haversian 
systems, thns producing a longitudinal central canal of 
some size, which becomes the medullary cavity, and 
contains the elements which go to produce the marrow. 

During the foregoing process the innermost cells of 
the periosteum multiply and secrete a layer of bone 
around themselves; a fresh number of cells are de- 
posited upon this, which in turn produces a second 
layer. This process maintains as long as the bone con- 
tinues to grow in transverse diameter, and produces 
thereby the adult circumferential laiiuUcs. 

The medullary cavity also increases in size, but as the 
subperiosteal bone is deposited a little more rapidly than 
the central portion is absorbed, the wall of the Imne in- 
creases in thickness at the same time that it is growing 
in circumference. 

In the long bones the cartilage proceeds to calcify 
from the upper center of ossification downward until it 
meets the bone proceeding from a lower center of ossi- 
fication upward to the junction of the shaft with the head 
of the bone. Here a band of cartilage (the epiphyseal 
cartilage) is met with, which continues to grow as fast 
as the process of ossification ascends. This causes the 
bone to grow in length while the epiphyseal cartilage 
maintains a constant tliickness. Wlien the bone has 
attained its maximum length, the cartilage finally 
becomes calcified also, and all subsequent increase in 
length is prevented. 

In the cancellated bones the honeycombed structure 
is produced in a manner similar to the tunneling out of 
the medullary canal, but tlie process is not so complete 
and the osteoclasts burrow in various directions. 
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The intramembranous method of development dif- 
fers from the preceding in that the position of the adult 
bone is not mapped out by the cartilage, but by a double 
layer of periosteum with cellular layers approxinoated. 
Between these layers branching spicules of a calcareous 
nature are formed, which are subsequently covered by 
osteogenetic cells from the periosteum. These cells 
proceed to secrete layers of bone about themselves, in 
much the same way that occurs around the Haversian 
canals. As bone formation advances, blood-vessels 
make their way into the tissue, and are accompanied by 
osteoclasts, which proceed to tunnel out marrow spaces, 
as in the heads of the long bones. The inner and outer 
tables of dense bone are deposited by the subperiosteal 
mode, as are the circumferential lamellae in the long 
bones. The bones of the cranial vertex, the small 
bones of the face, and the inferior maxilla are the results 
of the intramembranous development. 

Dentin is a calcareous tissue constituting the largest 
part of the teeth. It has many points of similarity with 
bone, which will be considered at length when describing 
the teeth. 

QUESTIONS FOR CHAPTER II. 

29. Name the two types of bone. 

30. What is the periosteum ? Give its stmcture. 

31. Describe the general arrangement of compact bone. 

32. What are the circumferential lamellae? 

33. What are the Haversian lamellae ? 

34. What are the Haversian canals? the interstitial lamellae? 
Volkmann^s canals? 

35. What are the lacunae? 

36. What are the canaliculi ? 

37. Describe the appearance of a dried section of bone. 

38. What are the perforating fibers of Sharpey ? 

39. How does spongy bone differ from compact ? 

40. Name the points of similarity between bone and cartilage. 
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41. Name the two varieties of marrow. 

42. Name the types of cells found in red marrow. 

43. Describe the myelocyte, the hematoblasts, the eosinophiles, 
the basophilic cells, the giant cells. 

44. Describe the yellow marrow. 

45. Name the two methods of bone development. 

46. What are centers of ossification ? 

47. What are osteoblasts? osteoclasts? 

48. Describe the process of intracartilaginons bone development. 

49. Describe the intramembranons method of bone develop- 
ment. 



CHAPTER in. 

MUSCXES. 

The muscular tissues form a group of specialized cells 
possessing contractility in a marked degree. They are 
all (with the exception of the small muscles of the 
sweat-glands) of mesoblastic origin. Three distinct 
types of muscle are recognized — voluntary ^ smooth, and 
heart muscle. 

Voluntary, striated, or skeletal muscle, is the 
most abundant of the three types. It forms all the 
skeletal muscles, and is under control of the wiU. 

When examined microscopically, it is seen to be 
composed of parallel cylindric fibers, which are about 
^^^ of an inch wide, and vary from | of an inch to 
1 J inches in length. Each fiber is covered by a very 
delicate structureless membrane, corresponding to a cell- 
wall, called a sarcolemma. Under this sarcolemma 
and at the outer edge of the fiber are situated numerous 
oval nuclei, their long diameters parallel to the direc- 
tion of the fibers. If looked at with a moderately high 
power objective (J-inch to J-inch), each fiber will 
(ixhibit cross striations, consisting of alternate dark and 
light bands. Under still higher magnification a dark 
line (the memhrane of Krause) may be seen in the center 
of the light bands, and a lighter line (the median line 
of Hensen) in the center of the dark band is distin- 
guished. 

Fine longitudinal markings are also sometimes seen. 

46 
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It is possible by treating the fiber themitailly to aplit it, 
along the longitudiDal markiDgs, into line librillse, called 
sarcostyles, or traDsversely along the membrane of 
Krauae into dwcs, each of which contains a dark band 
with half a light band above and below. 




tbres rf»luii(fUT iuiiw:Ze-Abera ; b, nucleL ofBuuc; c, DbrQua (Iabuv iwtwmu un 

~' {aodomtiium) ; d, fibers jwintrAteil laloauruufiL/lHt. £, Fiber, dLiuruii- 

: a, d«k band ; h, light bauil ; c, tuinllau iiue of Hciikd ; d, memtmna 

- '-mma; /, nutleiis. C.—a, LlKbl band; 6, dark band; 



a, tbreBTCH 
flban teodi 

dI Kreu! 



By combining the two processes the fibers can be 
resolved into numerous small prisms, known as sarcous 
elements, Tliia division, however, is entirely artifi- 
cial, 111 reality, the sarcostyles are composed of dark, 
granular, fusiform, contracting elements, with enlarge- 
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ments at each extremity, placed end to end. The spaces 
between the contracting elements are filled by a clear 
substance, called sarcoplasm. As the sarcostyles run 
parallel, with their composing elements opposite each 
other, the appearance of the contiguous thick centers 
will be that of the dark band. The thin ends^ sur- 
rounded by clear sarcoplasm, will show as the light 
band. The enlargements at the thin ends will produce 
a row of granules, which are so closely placed as to 
appear as a line — the membrane of Krause. The 
median line of Hensen is produced by a slight ^thinning 
of the contracting elements just at their centerfe/ and by 
refraction of light. The individual fibers of voluntary 
muscle are bound together by very delicate fibers of 
white fibrous tissues, called the endomysium, to form 
bundles (the fasciculi). Those fasciculi are surrounded 
and bound to other fasciculi by a larger band of white 
fibrous tissue, called the perimysium, and these bundles 
are grouped together to form the large muscles as 
found in dissection, and are surrounded by a still 
larger mass of fibrous tissue (the epimysium), which 
constitutes the sheath of the muscle. These connective 
tissues serve also to support numerous nerves, blood- 
vessels, and lymphatics. The blood-vessels break up 
into capillaries, which form a fine network around the 
individual muscle-fibers. The nerves terminate in 
special end-organs under the sarcolemma. 



SMOOTH MUSCLE* 

Smooth, plain, involuntary, or nonstriated 

muscle is found chiefly in the gastro-intestinal tract, 
the arteries around the various ducts, in the genito- 
urinary tract, and in the skin and capsules of organs. 
It contracts slowly and is not subject to the will. Smootb 
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muscle is composed of spindle-shaped cells, covered by 
a fine sheath, which, while varying considerably in size 
in various locations, may be said to average about 
j-J^ of an inch in length and 5-^5-5 of an inch in width. 
In the center of each fiber is an elongated, rod-shapwl 




' nucleus. Very fine longitudinal striations may be 
Been in especially favorable sections. The fibers are 
held tt^ther by cement substance and by interlacing of 
their ends. Oc«isionally, extremely fine spioiilie branch 
at right angles to the fibers snd aid in uniting them. 



HEART MUSCLE, 

Heart or cardiac muscle, as its name implies, iaj 
found only iu the heart. It is connjostfl o£ reeianffular, 
branching ceiis, placed end to end, and joined by a small I 
amount of clear cement substance. The fillers are more 1 
delicately crosa-striated than the voluntary rauscle, [ 
and, like tlie latter, possess fine longitudinal markings. 



Fig. IC— Heut muscle 




A single oval nucleus is present in the center of each 
cell. Small amounts of fibrous tissue and capillaries 
are found between the cells. 

The following tabulated comparison of the three , 
types of muscle may be of value in distinguisbing 
diem: 
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T 


VOLllNtittT. 




Smooth. 


1 


Fibers long, | of an inch to 


1 


Fibers shorter, ,4. of an 




n inchel 




inch. 


2 


Fibers cylindric. 


a 


Fibers fusiform. 


3 


Fibers striated. 


3 


Fibers unstriated. 


4 
5 


Fibers oontoin many nnclei. 


4 


Fibers contain one nucleus. 


Fibers contain nuclei at 




Fibers contain nucleus at 




edge. 






6 


Nnolei ore oval. 


6. 


Nuclei are elongated and 
rod-flhaped. 


7 


Fibers are united by fibrous 


7. 


Fibers are nnited by cement 








substance, interlacing of 




perimyainra, and epimy- 




ends, and intercellular 








spienliE. 
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Heabt. 


1 


Fibers reiy long. 
Fibera cjliodric. 


1. 


Fibers shorter. 


2 


2. 


Fibers rectongnlar. 


3 


Fibers plainly striated. 


3. 


Fibera more lightly striated. 


4 


Fibers covered by aaroo- 


4. 


Fibers have no sarcolemma. 


5 


Fibere contain many nuclei. 


5. 


Fibera contain single nnolei. 


6 


Fibers contain nuclei at 


6. 


Fibers oontain nuclei in cen- 




edges. 




ter. 


7 


Fibers nnited by fibrous 


7. 


Fibera nnited by cement aub- 




tissue. 








Hbabt. 




Smixith. 


1 




1. 


Fibers are fusiform. 


S 


Fibera are crosa-striated. 


9. 




3 


Fibers are united by branch- 


3. 


Fibera are united by cement 




ing and by cement snb- 








atance. 




spicnlie. 




QUESTIONS FOR 


CHAPTER III. ^1 




50. Name the varieties at muscle. 


^H 




51. Give the size at the volnntary 


mnscle-fiber. ^^M 








^^M 




53. ■ftTiat i8 tbe membrane of Kraase? ^H 




54. What is the mcdiitii line of Henseu? ^H 




55. What is the sarcous element? 


^^1 








57. What kind of tissue binds together the voluntary muscle- ^H 


fibers? 


i 


^^J 
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58. What is this fibrons tissue called in various looations? 

59. Describe the blood supply of voluntary muscle. 

60. How and where do the nerves terminate? 

61. Describe the nuclei of voluntary muscle. 

62. What is the shape and size of smooth muscle-fibers? 

63. Where is smooth muscle found ? 

64. Describe the structure of smooth muscle. 

65. How are the smooth muscle-fibers held together? 

66. What is the shape of cardiac muscle ? 

67. Describe its structure. 

68. How are the fibers held together ? 

69. What are the differences between voluntary and smooth 
muscle ? voluntary and heart ? heart and smooth ? 
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EPITHELIUM. 

Epitheliai. tissue is eBsentially a cellular tissue, the 
intercellular substance of which Is of a. cement nature. 
The cells vary greatly oa to size, shape, arrangement, 
and fuDotioa, but in a general way may be Batd to be 
rich in cell-body (cytop&wm), which is usually granular, 
and possess a clear, vesicular, smoothly outlined nucleus, 
containing nucleoli. With the exception of some of tlie 
cells of the gen i to-urinary tract (sexual glands and 
ducts, kidney, and ureters), all epithelium is either of 
epiblastic or hypoblastic origin. 

For sake of convenience we may classify epithelium 
in three ways — according to shape of cells, arrangement 
of cells, and function of cella : 

I RnnnmnnB / Th™ SDaleS, OVoid. 

I oqmtmona -^ p„i^f,Q„]^ stellate. 
) /■ Cylindrio, prismatic 

1 r-^, „ _ 1 Cuboid, nvrifonn. 

( <»lm.,n« J p^a^if ^H,^ 

' L shaped, ciliated. 

{Pavement. 
Transitional. 
Stniti&ed. 
iPpot*«tive. 
Condnotive. 
Secretiorj. 
Absorptive. 
KervoDB or Denro-epitheHnm. 
Z. Squamous cells are thin and flattened ; they may 
53 



I. Shape of cella ; 



2. ArraDgement of » 



:. Pimotioii of cells : 



be found in the outer layers of stratified and transitional 
epithelium, as in the sliin, cornea, vagina, aod mucous 
membranes of the buccal cavities, or in a single 
layer (pavement) chiefly lining the alveoli of the 
lunga, on the posterior surface of the cornea, and on the 
anterior surface of the iris. The cells often vary 
somewhat in thickness and peripheral outline, and have 
been variously described as roundish, ovoid, polygonal, 



mnpfW 




and stellate. The stellate forms have numbers of v 
irregular prolongations, frequently branching. Thefl 
cells frequently contain granules of pigment. 

Colunmar cells are longer than they are broad, i 
are placed mth their long diameters vertical to ' 
surface. According to their cross-section, the\ i 
eylindric, priemaiio, or euhoid. As their vertical ( 




tions vary, they may appear pynfojtit, fusiform, goljld- 
shaped, or dMated. 

Columnar cdle may occur in a migle layer, as lining 
ducts, glands, and iu the intestine ; or they may be 
in the trachea. In some localities the free 




ends of the celU are covered by numbers of very deli- 
cate hair-like processes, called cilia. These cilia wave 
rapidly to and fro in a definite direction, witli a whip- 
like motion, and serve to pro<iuce currents in fluids or 

to transport foreign particles. Ciliated cells are found 
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in the nasal fossa?, trachea, bronchi, and Fallopian 
tubes, and in the central canal of the spinal cord. 

2. According to the uses to which epithelium is 
adapted, the cells may vary in arrangement. 

In the intestine, lung alveoli, posterior surface of 
cornea, lining duets of glands, kidney, urethra, Fallo- 
pian tubes, and central spinal canal, the cells occur in a 
single layer resting on underlying layers of specialized 
fibrous tissue, called the basement membrane. To 
this arrangement the name of pavement epithelium 
may be given. 

Again, in other localities, as the skin, the mucous 
membrane of the mouth and vagina, the cornea, and the 
trachea, they are arranged in many superposed layers, 
and are called stratified epithelium. 

In a few places, as the pelvis of the kidney, the 
ureters, and the urinary bladder, an arrangement of 
cells only a few layers in thickness is found ; the outer 
layers of cells are not flattened to any extent, but are 
more cuboid or ovoid, while virtually but a variation of 
the stratified variety ; this arrangement has received the 
special name of transitional epithelium. 

3. Epithelium may be further classified according to 
its function. The protective type would include such 
loctdities as the skin and the mucous membrane of the 
esophagus, in which the main function is to protect the 
underlying structures. 

The conductive is found lining ducts the chief 
function of which is to transmit or to retain secretions. 

Ciliated epitheliuniy as in the bronchi and Fallopian 
tubes, which causes currents in fluids and carries small 
particles of matter, may be termed propulsive. 

Cells such as occur in glands and in the gastro- 
intestinal tract, the main function of which is either 
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to secrete or to absorb, may be called secretory 
and absorptive respectively. 

In the organs of special sense — skin, tongue, nose, 
eye, and ear — certain types of epithelium are found 
which are very intimately connected with the nervous 
system. These cells possess some of the characteristics 
of both nerve and epithelium, and have received the 
comjKiund name of neuro-epithelium. 

Besides the foregoing classes, there are some special- 
ized subtianiies, as the hair, nails, and enamel of the teeth, 
which are epithelial derivatives, and will be considered 
under their appropriate heads. 

QUESTIONS FOR CHAPTER IV. 

70. Describe the general oliaracteristics of epithelinm. 

71. From what germ layers ia it ileyeloped? 

72. Hon may it he ela^tfied? 

73. Give a claaaiGcatioD with refijan] to the shape of the cell, the 
turangemeDt of oelta, and the tnDotion of the oella. 

74. Describe and give location in which eqaaraous celia are 
fonnd ; colamnar cells. 

75. What is pavement epithelinm, and where ia it found ? ntrat- 
ified epithelinm? transitional epithelium ? 

76. What is meant by protective type, ooudnctive type, ciliated, 
propulsive, secretory, and atisorptive? 

77. What is meant hy neuro-epithelium ? 

78. Name the apeoialized epithelial structurea. 



CHAPTER V. 

NERVES* 

Nerves are long, highly specialized fibers originating 
in nerve-ceUsy carrying impulses, and usually terminat- 
ing in special end-organs. 

The combination of one nerve-fiber with its cell and 
terminals is called a neuron. 

It may probably safely be said that all true nerve 
tissue is developed from the epiblast or ectoderm. 

A nerve-cell is one of the largest cells in the body. 
It contains a large spheroid nucleus, rather poor in 
chromatin, hence staining not very deeply, and usually 
one or more well-marked nucleoli. 

The cell-body, or cytoplasm, contains a greater or 
less number of granules, which stain in a characteristic 
manner, and are named chromophilic granules. 

The nerve-cells vary greatly in shape, occurring as 
unipolar (one pole or projection), bipolar, tripolar, and 
multipolar. 

One of the poles in the nerve-cell, called the axis- 
cylinder process, is enormously extended, and becomes 
the axis-cylinder of the nerve-fiber. 

The other processes of the cell may divide and sub- 
divide until a dense feltwork of interlacing fibers is 
formed about the cell. These processes are called 
dendrites. 

Nerves are principally of two types — those consist- 
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MEDITLLATED FIBERS. 

ing of the vieduUaied or lehUe, and those consisting of 
the nonmed^dUUed or (jray fibers. 

The meduliated fiber consists of a very delicate 




thread, the axis-cylinder, which is continuous through- 
out the lonf^th of the nerve, anil is in reality a 
prolongation of the nerve-cell. The axis-cylinder is 



the portion uf the nerve which transmits impulses. 
Eiivetii|)!ng the axis-^tylinder ia u fatty material (myelin), 
called the medullary sheath, or the white substance 
of Schwann. This medullary sheath Itegias a ehort 
distance I'rom the nerve-cull and continues until cluse to 
the torminatiun uf the liber. 

Surrounding the medullary sheath of the peripheral 
mednllated nerve-iibers is a delicate aheatli, called the 




neurilemma. In the ceniiai vemoits system mednllated ' 

fibers occur wliich have no neurilemma. About every 
■X of an inch in the conrse of the nerve-liber the neu- 
rilemma dips down to the axis-cylinder, tlnia forming 
periodic constrictions — the so-calleil nodes of Ranvler. 

At the under surface of the neurilemma are f 
the nuclei, one of which is placed in the center of each 9 
internodal Begment, Speciid methods of staining dis- 1 




cloae small oblique markings in tlie white substance of 
Schwann (the defta of Lanterviann), tlie exact signifi- 
cance of which has not been determined. 

In the peripheral nerves the individual fibers are 
held hither by fine fibrillie of fibrous tissue, called the 
endoneurium, and grouped into bundles (fasciculi), 
which are surrounded by a denser band of the fibrous 
tissue, which ia in connection with that between the 
fibers. 

This tissue surrounding the fasciculi is named the 
perineurium. Numbera of fasciculi are groujicd to- 
gether to form the nerve-trunks, as met with in dissec- 
tion, and are bound together by a thick layer of fibrous 
tissue, called the nerve-sheath, or epineurium. 

In the central nervous system the nerve-fibers are 
held together by a specialized t}'pe of tissue, called 
neuroglia. This neuroglia tissue is composed of irreg- 
ular cells (neuroglia celfs) with very many fine, radiating 
processes, which interlace with the processes of adjoin- 
ing cells to form a dense feltwork. 

NONMEDULLATED NERVE-FIBERS. 

The nomncditllated, gi'ay, pale, or Jiemtii's JIhei's differ 
from the medullated principally in tliat they have no 
medullary sheath, their nuclei are more numerous, and 
the fibers frequently inosculate and have occasional 
fiisiform dilatations. 

These fibers occur principally in tlie sympathetic 
aystem, although occasional pale fibers are found asso- 
ciated with medullated nerves. 



GANGUA. 
Fusiform enlargement occasionally 
, course of some of tlie nerve-trunks, more i 
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the sympathetic nerve and in the sensoiy nodes of the 
spinal nerves. 

These enlargements are composed of nerve-fibers, 
connecting with large and rather spheric nerve-oells, 
and are called the ganglia. 

The ganglion cells are distributed mostly in more or 
less longitudinal rows, and usually have two nerve- 
fibers (an eflferent and an aflPerent) connected at one 
pole. Some of the cells, however, are bipolar. 

When a raedullated fiber joins a ganglion cell the 
medullary sheath disappears a short distance from the 
cell. In all nerves, however, the neurilenmia continues, 
and forms a nucleated sheaih for the ganglion cell. 



NERVE-ENDINGS. 

Nerves terminate in one of two ways : 

1. By dividing into fine arborizations, called termi- 
nal plexuses. 

2, By ending in special structures, called end- 
organs. 

The first type of termination is found in many of the 
sensory nerves of the skin, mucous membrane, and 
cornea. The ends of the fibers may lie between the 
epithelial cells, or may ramify in the basement mem- 
brane. 

Of the end-organs many types are known, occurring 
in the lower animals as well as in man. 

Some of the sensory fibers terminate in crescentic 
cells, called tactile cells. 

In many localities fibers terminate in complex ar- 
rangements of tactile cells, which are then called 
compound tactile cells. Some of the most important 
of these are : 

Gorpusdea of Meissner, or tactile oorpuadea of ihe akin. 
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whicli occur in the papillie of the coritim. These con- 
sist of a vertically elongated mass of compreesed 
tactile cells, the upper portion of which ia juat below 
the epithelium and the lower portion of which gives 
entrance to the nerve-fibers. 

The Pacinian corpuscles, or corpuscles of Voter, occur 
iu many localities, as in the palms of the bauds, the 
soles of tlie feet, the mesentery, and the genital organs. 
They are the lai^est of the terminal organs, sometimes 
reaching a size of -^ of an inch (1.25 mm.). They are 
oval in sliape, and consist of a series of concentric layers 
of fibrous tissue and hyaline elastic substance, inclosing a 
small clear space in the center, tilled with a transparent, 
jelly-like material. The medullated fiber enters at one 
pole and loses its sheatli, the axis-cylinder pi-oceeding 
as a wavy line in the central space. 

The endrbvibs of Kraase are found in the conjunctiva. 
They consist of a nucleated capsule, in which the axis- 
cylinder of the nerve-fiher is convoluted. They are 
much smaller than the preceding. 

The genital corpuscles of the clitoris and penis may 
be considered as a compound end-bulb, several end- 
bulbs, each connecting with a separate nerve-fiber, being 
partly fused together. 

Nerve-endings in Smooth Muscles. 

The Qer\'es supplying the smooth muscles are of the 
nonmedullated variety, and are principally derived from 
the sympathetic system. The nerve-fibers break up into 
plexuses of axis-cylinders, which lie in the intercellular 
spaces. From these, fine processes enter the muscle- 
cells and terminate in or upon the nucleus. 

Rerve-endings in Voluntary Muscle. 

Both sensory and rnoior nerves are found in voluntary 
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muscle. The aefwiory fibers form a network between the 
muscle-fibers, while the motor fibers enter them. When 
the motxyr fibers enter a muscle-fiber, they lose their 
medullary sheath, and the neurilemma blends with the 
sarcolemma of the muscle. 

The axis-cylinder now spreads out into a tortuous, 
irregularly bulbous, branching mass, embedded in a 
soft, nucleated, protoplasmic substance. This is called 
the sole plate, and lies upon the muscle substance just 
under the sarcolemma. 

Every muscle-fiber has one of these nerve-endings, 
and sometimes several. 

Nerve-endings in Tendons. 

Tendons have several types of nerve terminations : 

1. Some medullated fibers, after running a short dis- 
tance in the tendon, terminate in a dilatation closely 
resembling the end-bulbs of Krause. 

2. The tendon spindles consist of a dilated fusiform 
bundle of tendon fibers, which is entered by a very 
small medullated nerve-trunk. This nerve divides into 
its ultimate fibrillse, which ramify throughout the 
spindle and terminate in slightly bulbous enlargements. 

QUESTIONS FOR CHAPTER V. 

79. What are nerves? 

80. What is a nenron ? 

81. From what layer of the embryo are the nerves probably 
developed ? 

82. Describe the nerve-cell. What are dendrites ? 

83. Name the two principal types of nerves. 

84. What is the axis-cylinder? medullary sheath ? nenrilemma? 

85. Is the neurilemma ever absent in medullated fibers? and 
If so, where? 

86. What are the nodes of Banvier? the clefts of Lantermann? 
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87. Bescribe a medullated nerve-fiber. 

88. Where are the nuclei situated ? 

89. How are the nerve-fibers held together, and what are the 
supporting tissues called ? 

90. Describe a nonmedullated nerve-fiber, and tell where they 
occur. 

91. Bescribe a ganglion. 

92. Name two methods of nerve termination. 

93. What are tactile cells? tactile corpuscles? Pacinian corpus- 
cles? end-bulbs of Krause? 

94. Genital corpuscles ? 

95. Describe the nerve-endings in smooth muscle, voluntaiy 
muscle, and tendon. 

6 



CHAPTER VI. 
I VASCULAR SYSTEM. 

;<)(ii[Hise a fivstem of closed tubes^ I 




ARTERIES 
An artery hag three coat's, tidied re->ppcti\ ely miier, 
middle, and mnei The iDoer coat, serous coat, or 
tunica intima, con'iisitH of a single la^er ot tlun, flat, 
eIong^te<l endofhtlial celk, unit«l bv a dehcate cement 
siib-stanre, wluph rests upon a suhendotkdial layer of 
librous ti'<8ue. Surrounding this layer of fibrous tissue 
IS a wavj bund of yeUow elaahc tiaatt€ In the lai^r 
arteries this clastic tissue forms a thick sheet, in which 
more or less irregnltir opening oci-ur It is then called 
tlip fenestrated membrane of Henle 
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The middle coat, muscular coat, or tunica media, 

surroiimlfl tliis fcin'stratoil membrane of Henle, and 
consistii prinfijKillv '^t' smooth muscle, most of which 
runs circuliiriy uround the artery. Some few fibers of 
fibrous and yellow elastic tissue are also found inter- 
spersed among the muscle-cells, especially in the larger 
arteries. 

The outer coat, fibrous coat, or tunica adventitia, 
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consists of fibrous tissue in rather dense bundles^ witli 
occasional fibers of yellow elastic tissue. 

The inner coat presents a smooth surface, which 
offers scarcely any resistance to the blood current. 

The muscular coat is under control of the vaso- 
motor nerve system, and, by contracting or dilating, 
changes the size of the lumen, thereby r^ulating the 
amount of blood passing through a given vessel. 

The outer coat gives strength to the artery, and 
serves to sustain it in its relations to the adjacent ti^ 
sues. 

VEINS* 

The veins differ from the arteries only in the rela- 
tively small size of their muscular coat and the large 
amount of fibrous coat. Their walls are thinner in 
proportion to the lumen, and when cut they tend to 
collapse. 

CAPILLARIES. 

The larger arteries branch repeatedly until the finest 
arterioles are reached, when they lose their outer two 
coats and continue as thin tubes consisting of only a 
single layer of endothelial cells, the continuation of the 
endothelial lining of the larger vessels. Occasionally, 
the endothelial cells do not fit together exactly, and 
small spaces occur, which are filled with cement sub- 
stance. These are called stis^mata, and are probably 
the first places through which the white blood-corpus- 
cles pass in inflammations. 

The larger vessels are supplied with nutrition by 
smaller vessels, which ramify within their coats. These 
have received the name of vasa vasorum. 

Ljrmphatics also occur in the outer coat of the 
larger vessels, and some of the smaller blood-vessels are 
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completely siiri-oiindt'd by narrow lymphatic spaces- 
tlie perivascular lymphatics. 



THE HEART. 

The heart is lined by the endocardium, which is 
similar in strurture and continuous with the tiiuica iu- 
tima of the blood- veswels. 

Under this is the myocardium, or heart ninscle, 
which has already been considered. 

The outer surface of the heart is covered by the 
pericardium, a serouB membrane containing a mem- 
brane of fibrous tissue, on the free surface of which 
are flat, irregular endothelial cells. 

The valves of the heart are broad, flat redupdealimig 
of Ihe endocardiuvif between the two layers of which is 
a plate of very tough, dense fibrous tissue. 

The heart contains many lymphaiicg, some of which 
run between the uiusule-fibers ; others are foimd around 
the coronary arteries. 

Both meduUated and nonmeduUated tierve-Jtbers occur 
in abundance, the former being chiefly branches of the 
pneumogastric ; the latter, from the sympathetic sys- 
tem. 

Numerous yanglla are also found in the course of the 
nerves. 

THEBLOOa 

The blood may be considered as a mesublastio tissue 
consisting of cells with a fluid intercellular substance. 

The cellular elements of the blood are called cor- 
puscles ; the fluid portion, the plasma, or liquor 
sanguinis. 

The principal corpuscles are the colored, the colorless, 
and the blood platelets. Other forms that occur are the 
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(hint coi^pxiscles, tlie shadow (xnpusdeSy the mierocj^y and 
the spheric red corpuscles. The colored corpusdles, red 
corpuscles, or erythroc3rtes9 are round^ biooncave 
discs. When viewed singly under the microscope, they 
have a yellowish-green color, the characteristic red 
color of blood being produced only by the superposi- 
tion of great numbers of cells. Their number varies 
somewhat in different individuals, and is slightly greater 
in the male than in the female. A cubic millimeter 
(ts" ^^ ^^ inch) of blood in the male will contain, on an 
average, 5,000,000 colored blood-cells, whereas the 
female will average about 4,500,000. 

In man the red cells are singularly regular in size, 
measuring -^t^-^ of an inch (7.5 microns) in breadth and 
^^^^^ 1 2 () ■ of an inch (2.08 microns) in thickness at 
the edge. The thickness of the center depends upon 
the amount of concavity, and varies much in different 
cells. In stained preparations the center appears clear, 
and is called the ** delle." 

Structurally, the colored cells are surrounded by a 
clear, extremely delicate limiting membrane (virtually a 
cell-wall), inclosing the body of the cell, the hemo- 
globin, which is the oxygen-carrying element. In the 
adult no nuclei are found in the colored cells, although 
in the embryo and a few days after birth some nucleated 
red cells occur. When allowed to remain quietly out- 
side the blood-vessels, they tend to arrange themselves 
into stacks, or rovleaiix, resembling rolls of coin. 

Action of Reagents. 

Upon the addition of water to the blood the red cells 
swell up until they become spheric in outline, and lose 
their hemoglobin, which is dissolved out. 

When acted upon by dilute saline sohdionSy minute 
spines develop around the surface of the cell, giving it 



THE BLOOD. 



71 



somewliat the appearance of a horse ehestniit bur. 
Corpuscles in this condition are said to be crenated. 
If the strength of the solution be increased, the cells 
will eventually shrivel up into an unrecognizable mass. 

Almost all addji, especially acetic add, decolorize the 
cells and cause them to become spheroid in outline. 

Tannic acid in a 1 ^ solution causes the hemoglo- 
bin to escape from tbe cell and to coagulate in minute 
beads at the edge of the limiting membrane. If the 
solution used is too strong, the hemoglobin will be 
coagulated within the cell. 

Colored Corpuscles in Other Animals. 

The red blood-cells of all mammals (with the excep- 
tion of the camel tribe) differ only in size. In the 
camel tribe the red cells are biconcave, ovcU, and have 
no nvdei. In birds and cold-blooded animals they are 
oval, biconvex and have well-marked usually elongated 
nuufef. 

The following is a table showing the size of the col- 
ored cells in V ■ 
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Man, 
Monkey, 

Guinea-pig, 
Bear, 
Kabbit, 
Cat, 
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Sheep, 
Ox, 
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Colorless Blood-corpuscles. 

The colorless corpuscles, white blood-ceHs, or 
leukocytes, iii*e briefly described as nucleated cells, 
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Fig. 23. — Cells of blood: a, Colored blood-corpuscles seen on the flat; 6, on 
edge; c, in rouleau ; rf, blood platelets. 

averaging about grVu" of an inch (10 microns) in diam- 
eter, containing no cell-wall, and often having the 
power of spontaneous or ameboid motion from place to 
place. 

There are many varieties of colorless corpuscles 
occurring normally in the blood. The five principal 
tyj>es are : 

Small lymphocytes. Eosinophiles. 

T^arge lymphocytes. Basophiles, 

Polymorphonuclear neutrophiles. 



THE BLOOD. 

The small lymphocytes form alxmt 'lOfc of all the 
white Rclk. They are the smalleHt of the white cpUb, 
measuring only from ^-jVu to g - g'^ j of an inch (5—10 
microns) in diameter. 

The nucleus is usually round and snrrounded by a 
relatively small spheric cell-bo<Iy of denr cytoplasm. 

Large lymphcicytes constitute about 7 ^ of the 
white blood-cells. They are much larger than the 
last-named variety, about xVmr "f i^i 'ich (15 microns) 
in diameter, and resemble the small lymphocyte's, with 
the exception that the cell-body is proportionately u 
trifle greater. 

Polymorphonuclear neutrophiles are the most 
numerous types of white blood-cells, forming about 
70 '/e of the total number. They are about the size 
of the large lymphocytes. The nucleus is veiy 
irregularly loliated in outline, often appearing to be 
multiple, but usually these seemingly separate lobes are 
connected by delicate threads of nuclear substance. 
The cell-body is peculiar, in that it contains many very 
fine granulix scattered through it, which will stain only 
in a mixture of acid and baftic dyes. These cells, as 
well as the next two varieties, possess the power of 
ameboid movement. This ameboid motion is so called 
from its resemblance to the action of a unicellular ani- 
mal — the ameba. The cell so moving first advances a 
small projection of cytoplasm, called n pseudopod, into 
whicii the rest of the cell slowly flows. By virtue of 
this power of movement the wiitte cells frequently leave 
the blood-vessels and wander short distances in the 
surrounding tissues. The " migratory " cells of white 
fibrous tissue are examples of this. The irregular 
shape of the nuclei in the ameboid cells is probably due 
to the twisting and bending they are subjected to 
through the niovenient of the cells. 
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Those of the white blood-cells which liave amelxiii 
motion also huve the peculiar property of engulfing ant 
carrying away certain foreign particles with which the( 
may come in contact, and cells may frequently be B 
with several email particles within their cell-bodieal 
which they have taken up. When one of these cel^a 
conies in contact with a foreign particle, it apparently T 
adheres to the particle, and a depression forme !□ the I 
cell at the point of contact. The depression deepens J 
and the cell-body closes over the top, tiius iacloeingj 
tlie particle. In diseased conditions cells freqnentJyl 
are found containing bacteria which tJiey have en-^l 
gulfed ; and when so found, are called phagocytes. 




Eosinophiles constitute only about 3^ of all the^ 
white cells ; tliey are colorless cells, and closely re* I 
Bcrable the laat-deecribed variety, but differ chiefly itifl 
the fact that the granules contained in tlie cell-body aref 
much coarser, fewer in number, and will stain only in 1 
acid dyes, such as eosin. 

Basophiles, mast-cells, or mastzellen, are quite rar^ J 
constituting only about 0.25 J^ of all the white cells. 

They ditfer from the neutrophiles principally in tiifta 
fact that their granules will be stained only in a basieV 
dye. 

The white blood-cells are not so numerous as th^ 
red, occurring in the ratio of 1 of the former to betwee 
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400 and 600 of the latter. This would make between 
8300 and 12,500 white cells in every cnbic milli- 
meter (^ of aa inchj of blood. The exact number 
varies with the condition of the individual, the time of 
day, and the nutrition. 

Blood Platelets. 

Blood platelets, blood plaques, or third corpuscles, 
are small round or ovul bodies, one-fourth tlie size of 
red blood-cells, which occur in large but varying num- 
bers in the blood. They are rather unstable structures, 
and require some care to see properly: The exact 
function of the blood platelet is at present unknomi, 
although it is supposed by many to be related to the 
formation of fibrin. 

The dust corpuscles are small grannies, much 
smaller than any of the preceding forms, of an albu- 
minous nature, and have been originally the granules 
of white blood-cells. The escape and dissemination of 
these granules from both eosinophiles and neutrophilea 
has been directly observed by Sangree and Leroy. 

Shadow corpuscles are occasionally met with in 
normal blood. They arc apparently the remains of the 
limiting membrane of red blood -corpuscles from which 
the hemc^lobin has escaped. 

At inl'requent intervals red blood-corpuscles that are 
either very small (microcytes) or spheric in form may 
be encountered. 

Crystals. 

Hemoglobin easily cryatallizea out from dried prepa- 
rations of blood, and then appears as long rhombic 
prisms of a red color. 

Hematln is also met with in dried blood, and occa- 
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sionally in abnormal conditions^ as a dark brown or 
black pigment. 

Hematoidin (xx^urs as yellowish crystals around 
areas of extravasation of blood, also in pathologic and 
chronic irritations. When treated with ferrocyanid of 
potiissium and an acid they give a blue reaction. 

Probably the most ini[)ortant blood crystal is hemin, 
or Teichmann's crystals. They are produced when 
blood, fresh or dried, is heated in the presence of acetic 
acid and salt. They are narrow rhombic plates, of a 
dark brown color, and extremely small. The presence 
of hemln crystals in a material treated as just described 
is a positive test for hlocxl, but will not give any light 
as to what animal it came from. 

Development of Blood-corpuscles. 

The first red hlood-corpuHcles are derived directly 
from the mesoblastic cells, and are nucleated and color- 
less. These multiply somewhat, and eventually become 
smaller, lose their nuclei, and acquire hemoglobin. 
Later in fetal life the liver and spleen contribute cer- 
tain of the colored blood-cells. After birth, however, 
the supply is maintained by the direct division of the 
erythroblasts or hematoblasts of the red bone-marrow. 

The colorless corpuscles originate principally in the 
lymphoid tissues and spleen. 

These lymphoid corpuscles become dislodged, and are 
carried along either in the lymphatic stream or, in the 
case of the spleen, in the blood current, and there 
become the small lymphocytes of the blood. The 
probability is that there they undergo further develop- 
ment into the neutrophile (the adult cell), and later 
into the eosinophile (sometimes called an overripe cell). 



QUESTIONS FOR CHAFIER VI. 

96. Prom what layer ot the embryo is the vascular ajstem 
derived ? 

97. Name the three coats ol an artery. 

i)H. Describe the inner coat ; the middle coat; theeirt^malcout. 
99. How do veins differ from arteries? 

100. Give the strnotnre of the capillaries. 

101. How are blood-vessels noorished? 

103, What strncturea compose tlie heart? Describe each. 

103. What are the valves of the heart and veins, and describe 
them? 

104. Of what is tlie blood composed 7 

105. Give the size and shape o[ the oolortd oorpusolea. 

lOG. Give the number occurring in normal blood, and describe 
the Btruetnre of the colored blood-cell. 

107. What action has water upon the colored hlood-cell ? dilate 
Hiline solutions? acids? fannio acid? 

108. Describe the colored corpuscles o( birds and cold-hlooded 
animals, and name the differences between these and warm-blooded 
animals. 

109. Give the general characteristics of the colored corpasoles. 

110. Name the varieties of oolorless oorpnscles and give the per- 
oeutoge of each occurring in normal blood. 

111. Deacribe the small lymphocytes; large lyniphooytcs; poly- 
morphoDuulear uentrophilFfl; eostnopliilea; and busophiles. 

112. What is meant by phagocytosis? 

113. Describe the blood plates, 

114. What are dnst corpuscles? 

115. What are shadow corpuscles ? microcyfea? 

116. What crystals may be oblaineil from blood ? 

117. What are Teichraann's crystals, and how are they pro- 
dnced? 

IIR. From what are the red blood-cells developed ? tbewlorless 



CHAPTER VII. 

THE LYMPHATIC SYSTEM. 

The lymphatic system comprises the lymph-veaselSf 
the li/mphy the lymph-nodules, the spleen, the thymus^ the 
tonsils, and the serous membrane of cavities. 

The lymph-vessels form a richly branching and 
anastomosing system of tubules, which vary in size 
from 1 mm. (^ of an inch) to the minutest capillaries. 

The smaller vessels continually join to form larger 
ones, until the thoracic duct is reached, which is of 
considerable size and empties directly into the subcla- 
vian vein, so that the cavities of the lymphatics are 
continuous with those of the vascular system. In 
structure the lymphatics are similar to the blood-ves- 
sels, the larger ones possessing three coats, the lymph 
capillaries possessing only one coat of endothelial cells. 

Frequently throughout the course of the lymph-ves- 
sels folds of the endothelial coat occur, which may be 
reinforced by a layer of fibrous tissue, and constitute 
the valves. 

These valves prevent the blood at the thoracic duct 
from being forced into the lymphatics, and at the same 
time compel the lymph to flow in one direction only. 
The smaller lymph-vessels have irregular dilatations 
throughout their extent, which in a measure serve a 
similar purpose. 

The lymphatics are almost universally distributed 
throughout the body, possibly to a greater extent in 

78 
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fibrous and areolar tissue. Around the nerves and 
smiiUer blood-vessels they sometimes form an inclosing 
tube, in which case they are called perineuria! and 
perivascular lymphatics respectively, 

LYMPH. 

The lymph is a clear, whitish fluid, which contains 
many freely floating ceSs and faiiy ffranules. 

The cells resemble the colorless corpuscles of the 
blood, the small lymphooytea, however, being very 
greatly in excess of the other types. The fatty gran- 
ules are constantly present iu varying amounts, but 
are very much incKased during and just following 
digestion, 

DIFFUSE ADENOID TISSUE. 

In many areas throughout the lx(dy, especially in the 
tunica propria of raucous membranes, as in the lungs 
and digestive tract, masses of adenoid tissue occur. 
This adenoid tissue is formed of a network of fibrous 
tissue and branching connective-tissue cells (retifoTvn 
tw»ue), which entangle and support large numbers of 
cells resembling the small lymphocytes of the blood, 
and called in this location lymphoid ceils. 

In some places adenoid tissue occurs in small 
amounts, which mtirge gradually into the surrounding 
tissue without any sharp line of demarcatlou. 



LYHPH-FOLUCLES. 
In other localities the adenoid tissue may be sur- 
rounded by an envelope of fibrous tissue, in which a 
few fibers of smooth muscle may be interspersed, called 
the capsule. 



LYMPH-GLANDS. 
Lymph-glands or lymph-nodes s 

of lymjjh-fblliclfa oct-urriug in the course of lymph*! 
vessels. Thu f^Iands are usually bean-shaped. Th^T 
lymph- vessels and blood-vessels enter at tlie ceotnila 




depression, or hilum, from which point they are distrib^ 
uted throughout the structure. 

The capsule ia usually well marked, and sends pre 
longations into the substance of the gland, which havi 
received the name of trabeculce, and which in tun 
divide and subdivide until they eventually become oom 
timious with the retiform tissue forming the framework; 
of the gland. 
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LYMPH-GLANDS. 



An outer or cortical and an inner or n 
may be readily distinguished. 

The cortical portion ia composed of a number of 
dense lymph-follicles, placed side by side and separated 
from the capsule by a narrow cleft, the drcumferenUai 
lymphrsinus, which, however, ia frequently bridged by 
small branching processes of connective-tissue cella. 




The medullary portion is more open in appearance, and 
combines alternate bands of adenoid tissue, the ao-callcd 
lyinph-4:ords, and open spaces, the lympb -sin uses, 
which serve to transmit the lymph. These sinuses arc 
frequently traversed by fine fibers of connective tissue. 

The blood-vcesels, after entering at the hiluni, break 
up into a rich capillary network, which is principally 
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distributed to the adenoid tissue, and reunite to fnnu 
which leave the gland at the Iillum also. 
Occasuonally, some Bniall blood-vessels may eater at 
vuriuuB points on the capsule. 

A few niTVCK may Ir* ("iiiid, hulh of the meduJIatecl 
luid the nomuedullatbd v;iririk's. 





SPLEEN. 
The Spleen is a lyinplioid orgauj and differs from a \ 
lymphatic gland pTinci[ially in the arraugcmeut of its i 
blood supply and in having no medullary portion. 




p 
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SPLEEN. « 

It is surrounded by a dense capsuk of fibromuscula 
issue, which sciids traheeulos down at right angles inh 
iie substance of tlie organ. These trabeculte divid 
repeatedly to form the framework of the splenic pulp 
-'his framework is filled with lympiioid cells. 

At occasional intervals areas occur in which th 
ymphuid cells are very much more closely packet 
ban usual. These areas are called the Malpighian 
■odies, and give the oi^an a characteristic appearance 

The bloodrveasda enter at the hilum of the organ, anc 


J 
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pn (e«l i r loim (h tance in (he trabecuhe. From 
Hks^ small brani-hea proceed into the adeiioid tissue, 
and frequently mav he seen in the centers of the MaU 
pighian corpuscles Htre they duide into very small 
arterioles some of which oi>en directly into ratlier lai^ 
blood spaces in tlie "^iilenic pulp from which they may 
pas'* dircctU into \eiHs without the inter\ention of true 
capillaries 



Small numbers of Ivn [ 1 atic vestiels occur mostlyJ 
within the corniective t sue of the capsule and ■ 
hecuire, and surround! ig tl e I lo 1 esstl"" 

A few nerve-JU/ers are fo n 1 wl cl are pnncipall^V 
no nmedu Hated, and ire d str I t^l i tally to theV 
blood- vessels. 



THYMUS. 

In early life (up to the first year) the thymus i 
moatly epithelial in type, but as time gpes on this ii 
largely replaced by lymphoid tissue. The epithelina 
persists only as scattered, small, concentric masses I 
(Hassall's corpuscles), containing a dozen or so flat>9 
tened epitlielial cells. 



The gland is surroundeil by a ciipsule of fibrous tissue, 
which sends down branching trabecnlse, dividing the 
lymphoid tissue incwmpletely into follicles. At the 
periphery of the follicles the lymphoid tissue is more 
densely packed with cells than at the center. This has 
led to a division of the follicles into a cortical (outer) 
and a medullary (inner) portion. 

Blood-veaaels and nerves are found in the trabeculte, 
and send fine branches into the lymphoid tissue. 

TONSILS. 

The tonsils are two in number, situated one on each 
side of the base of the tongue. Tliey are composed of 
several lymphoid follicles surrounded on their inner 
surface by a capsule of fibrous tissue and on their free 
outer surface by the stratified epithelium of the buccal 
mucous membrane. 

At a number of places on the free surface of the 
tonsils the epithelium dips down into the lymphoid tis- 
sue, forming narrow fissures — the crypts. At these 
places the epithelium becomes infiltrated with lymphoid 
cells, until at the bottom of the crypts it fades away 
into the lymphoid tissue. 

Blood-vessels, lymphatics, and a few nerves supply 
the tonsil and enter the organ through the capsule. 

SEROUS CAVITIES AND MEMBRANES. 
The serous membranes may be considered as the 
greatly expanded walls of lymph -vessels, and the 
serous cavities inclosed as greatly dilated lymph- 
spaces. In structure the serous membranes are com- 
posed of a single layer of thin, irregular, polygonal 
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cella, placed e<lgG to edge and uiilted by cement eub- 
stance, which rest upon a rather thin sheet of fibn>ua 
tissue. At irregular intervals smalt opeDJngs occur 
(the stomata), which are the mouths of lymphatics. 
Occasionally, a j)lace is found at which the endothelial 
cells do not "match up" well. These spaces thus 




formed are filled up by cf ment substance, and are | 
called the pseudostomata. 

The principal serous membranes of the body are the 1 
pleura, pericardium, and jienSoneum, and the synovial l 
membranes of the tendam andjoi'ftlg. 

Structurally, the internal bning of heart, blood-\ 
sels, aod lymphatics would also come under this hei 



MUCOUS MEMBRANES. 



MUCOUS MBVBRANES. 

All cavities and passages in connection with the 
external air are lined with mucous membranes. 

These consist of two essential parts — an epithelial 
cohering and a aubejnihdial Jibroite coat. 

The epithelium may be either stratified or columnar, 
according to its location. Immediately under the epi- 
thelium the fibrous coat is usually specialized into a 
clear thin layer, called the " basement membrane." 
Beneath the basement membrane, within the subepitbe- 
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Fig. 31.— Trp« al glandi: n, Simple tol 
tubnlu ; d, einpla bmxuIu' ; e, ooi 



lial fibrous tissue, in some localities a thin layer of 
smooth muscle — the muscularis mucosae — occurs. 

Along the course of the mucous membrane numerous 
glands occur. These are devices whereby a large 
secreting surface may be made to open upon a compara- 
tively small area, and consist virtually of more or less 
complex invaginations of tlie epithelium. 
Several types of glands are recognized : 
I. Simple tubular glands are straight, narrow de- 
pressions into the subepithelial tissue, which are walled 
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by specializeil epithelium continuous with that of the 
free surface. Examples of this type are found in the 
canliac cud of the stomach and in the crypts of Lieber- 
kiihn of the small intestine. 

3. Compound tubular g^lands are similar in struc- 
ture to the simple tubular, but branch. In some 
instances these branches divide and subdivide, produc- 
ing an arborization of tubules all discharging their 
secretions eventually into the common duct. The 
glands of the pyloric end of the stomach and the mam- 
mary gland may be taken as examples. 

3. Coiled tubular glands differ from the simple 
tubular only in the fact that they run a tortuous, 
usually spiral course. The sweat-glands are examples 
of this type. 

4. Simple saccular glands are small, spheric cavi- 
ties lined with secreting cells and having a small open- 
ing at their outer poles through which the secretion 
may be discharged upon the free surface. This type of 
gland may be said not to exist in the human body, but 
it occurs frequently in the lower forms of life, aldiough 
some writers class the follicles of the ovary under this 
head. 

5. Compound saccular, alveolar, or racemose 
glands resemble the compound tubular gland in ar- 
rangement, but the terminal secreting portion of the 
tubules dilates into saccules. The larger sebaceous 
glands and the lungs are constructed after this type. 

QUESTIONS FOR CHAPTER VH. 

119. What struotares and organs are comprised in the lymphatic 
system? 

120. Describe the lymph-vessels. 

121. What are perineurium and perivascular lymphatics? 

122. Name and describe the cells occurring in the lymph. 
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123. Describe diffuse adenoid tissue. 

124. What are the lymph-follicles ? 

125. What are the lymph-nodes? 

126. Describe the structure of a lymph-node. 

127. To what system does the spleen belong? 

128. Describe its capsule and trabeculse. 

129. Describe the Malpighian bodies of the spleen. 

130. Describe blood and nerve supply. 

131. Describe the thymus. What are Hassall's corpuscles? 

132. What are the tonsils? Describe their structure. 

133. What are serous membranes? 

134. Where do they occur and what is their structure? 

135. What are mucous membranes, and where do they occur? 
Describe their structure. 

136. Name the types of glands and describe each. 



CHAPTER Vm 

THE DIGESTIVE TRACT* 

The mouth is lined with mucous membrane^ com- 
posed of stratified epithelium, upon the sar£su5e of 
which open the excretory ducts of numerous branched 
tubular glands. At the junction of the epithelium and 
the submucous tissue an irregular outline is presented, 
the projections of submucous fibrous tissue being called 
papillae. 

The tongue consists of a mass of voluntary muscle- 
fibers, running in various directions, surrounded by a 
layer of areolar tissue (the submucosa), and covered 
with stratified epithelium (the mucosa). 

The muscular portion is made up of the geniohyo- 
glossus, Hngualis, and styloglossus muscles, and pre- 
sents fibers running longitudinally, transversely, and 
vertically. 

The submucous coat at its outer surface is thrown 
into marked papillae, which are covered closely by 
epithelium. 

Three types of papillae are recognized : 

1. Filiform papillae, by far the most numerous, are 
narrow, conoid projections, which may have at their 
outer surface a number of smaller projections, called 
secondary papillae. 

2. Fungiform papillae, not quite so numerous as 
the former, are larger, their bases are somewhat con- 
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stricted by the epithelium, and tliey contain secondary 
papillte on their sides as well as at the outer surface, 

3. The circum vallate papills are the largest and 
broadest of the three types. They occur in smaller 
nuniberg, and are usually found at the posterior por- 
tion of the tongue. They contain secondary papillfe at 
the top. At the sides, the epithelium dips down to 
form furrows or crypts, which make the papillEe appear 
to stand out from the surrounding tissue. 

Elmbedded in the epithelium at the sides of the cir- 
cumvallate papillie are the taste-bttda. 




Fig. 33.— Tongug : o^FililtorDI pttplllna; Mllironn papLllua with ■scondmrr 
nnp[ll»i e, ruugiformiiapllliu; d, clrcumnllata pupilluB: t, Osle-beH. 



The taste-buds are the seat of the sense of taste, 
and consist of several lonj;, spindle-shaped, neuro-epi- 
thelial cells (the giin(atory ee/ls), with elongated nuclei, 
which are surrounded by a layer of slightly flattened 
cells (the cortical or letpnetU celU), the whole forming 
small Hask-shaped bodies, which are usually grouped 
side by side, vertical to the epithelial surface. 

Besides the foregoing structures, the tongue contains 
a vertical partition, mostly of fibrous tissue (the septum 
(inguaJw), which divides it into laterally symmetrio 
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halve& Niimeroim mucous und serous gUitiils also 
occur in the submucous tissue. 

The tongue is richly supplied with lifmphaliai, the J 
lai^r vessels being eituatet! deeply, the Buperficial ones.l 
forming a plexus mider the muaisa and sending small 1 
branches up into the papillie. Numerous lymph-folli- 
cles and areas of diffuse adenoid tissue occur in con- 
nection with the lymphatics, being especially Dumerous 
at the root of the tougue. 





Elubuiu ^ptea ; d, t 






The blood supply is very abundant, plexuses of i 
small arterioles occurring throughout the 6ubmuc(ffia 
and sending branches into the papillie and around the 
numerous glands. 

The mucous membrane is richly supplied with 
nerves, both sensory and taste. They are mostly raed- 
ullated fibers from the glossopharyngeal and lingual 
nerves. Numerous ganglia also occur along the course 
of the former. 



THE TEETH. 

THE TEETH. 

Altlioiigh the teeth vary considerably in shf 
in general appearance, the same general etructure is 
found in all. 

The onter or exposed part of tlie tooth is called the 
crown; the portion embedded in the socket is called 




the fang, Between these, at almut the edge of the 
gum, is a slightly constricted portion — the neck. 

The main bulk of the tooth is composed of the 
dentin, or Ivory. This gives the form to the tooth, 
and incloses the pulp-cavity, which contains the pulp. 

At the crown the dentin is covered by the enamel. 
At the fang it is covered by the cementum, except at 
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tlie apex, where a minute canal penetrates to the pulp- 
cavity. 

The dentin is composed of a hard, white, apparently 
homogeneous matrix, in which are numerous small (25 
microns = -T-(r(nr ^^^ '^'^ inch) canals — the dentinal 
tubules. Tlu^se dentinal tubules originate in the pulp- 
cavity, and run a wavy course, more or less at right 
angles to the inner surface, through the dentin, and 
terminate at tlie juncture of the dentin and the enamel 
or cementum in irregular dilatations, called the inters 
globular spaces. Along their course many communi- 
cating branches occur, uniting the dentinal tubules. 





Fig. 36. — Enamel: a, Section parallel to surface, showing cross-sectionB of enamel 
prisms; b, longitudinal view of enamel prisms. 

That portion of the matrix which forms the wall of the 
tubules being harder and denser than the main body, it 
has received the special name of dentinal sbeath. 

The enamel consists of closely arranged columns 
(the enamel prisms), running vertically to the free 
surface of the tooth, and held together by a very small 
amount of resistant, clear, cement substance. When 
isolated, these prisms are found to be four- to six-sided, 
and have a slightly irregular outline. 

At the dentinal border of the enamel there occasion- 
ally occur between the enamel prisms small canals 
which open into the interglobular spaces. 

At birth the enamel is covered by a thin membrane. 



the enamel cuticle, derived from the epithelial cells 
of the enamel oi^n ; this, however, soon wears off. 

The cemeDtum consists of concentric layers of 
osseous tissue containing many lacuna, with their radi- 
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ating canaltculi, which contain bone-corpuscles and 
communicate with the interglobular spaces. 

Haversian canals are absent, excepting occasionally 
in the thickest portions. 

The cementum is surrounded by a dense layer of 



connective tissue (the periodontal membrane), which 
is virtually a periosteum. 

The tooth-pulp is a mass of undeveloped oonneo- 
tive tisauc, conainting mostly of stellate or irregular 



or dentin and ei 
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connective-tissue cells, with nerves and blood- 
which fill the pulp-cavity. 

The portion of the pulp in contact with the t 
tin is mada up of elongated cells (the odontoblasts)^ 
which send long processes into the dentinal tubules. 




These processes usually extend tlie whole length of 
the tubule, and are willed the dentinal libers. 

The Development of Teeth. 

Both the epihlast aud mesoblast contribute to the 
formation of the teeth. 




The epithelium over the primitive jaw becomes 
thickened, and grows down into the subjacent tissue to 
form tJie dental ridge. From Uie lower outer border 
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of this, flask-ghaped musses of cells (dental bulbs) 

grow (one for earh iiiilk-ti:iuth), wliicli subsequently 
hi'CMiine hollow on their under surface and i 
uoid tipgnnvtli of conocetive-tissue cells (the j 




thp: fsophagus. 

prism, and thp Imlb is now called tlic enamel organ. 
While this has been in progress, the outer celle of the 
pupiilfB have elongated to form the odontoblasts, which 
deposit the dentin. Thus it will be seen that the 
enamel is deposited outward, the dentin inward. The 
remains of the papillfe become the tooth-pulp. 

The permanent teeth are developed similarly from 
secondary dental bulbs springing diagonally downward 
from the neck of tlie milk-tooth bulbs. 

The cementum is deposited later by the alveolar 
periosteum. 



THE ESOPHAGUS. 

The esophagus has fonr layers — mucous, submu- 
cous, musciihir, and fibrous. 

The mucous coat consists of stratified epithelium 
resting upon a basement membrane which \e tliTown up 
into papillte. At the outer edge of the basement mem- 
brane is found a very narrow layer of smooth muscle 
— the muacularis niucosEe. 

The submucous coat is of loose fibrous tissue, 
and euDtains nimierous blood-vessels, lymphatics, and 
nerves, besides scattered mucous glands, which dis- 
chai^ into the lumen of the esophagus. 

The muscular coat consists of two layers — an inner 
(circular) and an outer (longitudinal) — ^throughout its 
length, the upper third being composed of voluntary 
muscle-fibers, which are gradually replaced below this 
point by smooth muscle. 

The fibrous coat is a thin layer of rather dense, 
white, fibrous tissue, which may also contain a few 
fibers of yellow elastic tissue. 
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THE STOMACH. 

The stomach presents two portions for oonsidei 

tioii : viz., the cardiac or upper aud the pyUn-ic i 

lower ends. 

The cardiac end of the stomach cotnpriBes fold 

coats — mucoiiri, Hulmiiicoiis, niiHt-ular, and serous. 



Fig 41 —Cardiac ernl ot 

iluHs muiosn. a, cblef iwIIb , 
irrBceoriloiuicV 
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The mwcoJM coat is continuous with that of the 
agus, and, UIig the hitter, has a basement membn 
and inuscularis muco=iB. The epithelium, however, i 
tliickly studded with simple tubular glands, openioj 
upon the free surface. In these glands two types < 
cells are found — chief or peptic, and pariekil c 
The chief cells, which are more numerous and smalle 
were suppoaed to be the pepiin-secretiug elements^l 
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The parietal cells are relatively lai^, and have well- 
marked, large cell bodies, which stain deeply in almost 
all aniiin stains. They were supposed to be the hydro- 
chlorio-acid-secreting element. 

The 8u6mucoKS coat consists of loose fibrous tissue 
containing many blood-vessels, lymphatics, and nerves. 
Occasionally, small an'as of diffuse adenoid tissue may 
occur. This coat is frequently thrown into ridges 
carryiiiff the mucous co'it above it iiid forming the 
rugie. 




The vuisrular coiU consists of three layers of smooth 
muscular fibers — an inner idycular, a middle longitiuU' 
nal, and an outer incomplete ohUqac layer. 

The aeiFoua coat is a reflection of the peritoneum, and 
is made up of a delicate sheet of fibrous and yellow 
elastic tissue, covered on the outer side by a single 
layer of endothelial cells. 

The pyloric end of the stomach differs from the 
cardiac end chiefly in the nuirous and muscular coats. 

Tlie gliinds .studditifj the nuicous coat (pyloric glands) 
are sliglitty furtlier apart than in the cardiac end. They 
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are further characterized by branching at their lower 
ends, to terminate in two or three tortuous offshoots. 
Only one type of cell is present in these glands, the 
parietal or acid cells being confined entirely to the car- 
diac portion. 

The outer or obli(|ue muscular layer is usually en- 
tirely absent also. The masses of adenoid tissue in the 
submucosffi (solitary follicles) are usually a trifle more 
numerous here than in the cardiac portion, 

THE INTESTINES. 

The intestines contain four coats throughout their 
entire length : viz., mucous, submucous, muscular, and 
serous. The mucous coat is frequently thrown into 
transverse ridges, which are called the valwlce conni- 
ventes. Structurally, we may recognize the duodenum, 
small intestine, large intestine, and appendix. 

The small intestine has projecting from its mucosa 
small, finger-like projections, called the villi, which are 
often club-shaped. These villi are covered with a 
single layer of columnar epithelial cells, which often 
exhibit the goblet form. Dipping down into the sub- 
mucous coat from between the villi are simple tubular 
glands, the crypts of Lieberkiihii, which secrete the 
succus entericus. 

Directly under the epithelium is a flat layer of con- 
nective-tissue cells, called the endothelium of Debovey 
which in turn rests upon a membrana propria of fibrous 
tissue. At the inner border of this is the muscularis 
mucosae, which extends throughout the intestine. 
Within the villi is found a small lymphatic radical 
(the lacteal) surrounded by a network of capillaries. 

The adenoid tissue is especially well developed in 
the small intestine, lymphoid follicles frequently coal- 
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eBcinp; to form the aeminated follicles, or Peyer's 
patches 

The submucosa of the intestine 13 siraikr to and 
continuous with that of the stomioh 

Phf muscular coat ioii--i'^ts of two li)(.r% of smooth 
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muscle, an inner circular and an outer longitudmul, 
c<mtinuou8 with the inner two miiscnlar layers of the 
stomach. 

The duodenum dilfLTs from the otiicr parts of the 



small intestine m having the duodenal glands, or 
Brunner's glands. 

These are gtHxl-Bizod, very compound, tubular glands, 
Ritimtcd in the subinucosa, which communicate witli tlie 
himen of the intestine throufjh a slender duct, whiuh 
<lincharges the secretions between the villi. 

The large intestine differs fn»m tiie small chiefly 




tier's Kikii. 
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in the absence of the mill. The cr^'pts of Lieberkuhn, 
however, persist, but are rather short and well sepa- 
rated. At tlie amis the epithelium becomes stratified. 
The rectal valves are three or more in number, ap- 
pearing as semilunar folds projecting into the Itmieo of 
the rcetimi. In structure they have tJie general ehar- 
acteristiea of the large intestine and the same coats with 
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tlie exception of the peritoneal which is absent and re- 
placed by the perirectal fascia. The mucosa is somewhat 
thickened and the ciypfs more closely packed than in 
the large intestine. The lymphoid tisaiie constituting 
fiolifaiy follicles is also quite abundant. 

The sultmucosa occupies the niaui bulk of the center 
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of the valves and does not differ greatly from that in 
other portions of the intestines. 

The mwmuldr cont consists of an outer longitudinal 
and an inner circular layer of smooth muscle. At the 
lower edges of the valves the muscular coats span tiie 
base, but as the middle, wider portion of the valve is 
readied the circular muscular fibers and a part or all of 
the longitudinal fibers dip down into the body of the 



valve ; that i,s, bt-tweon the two adjacent submucr 
coatii. It will he eeeu that, in this case, a contractioi 
of the muscular fibers will force the valve into the lumefi 
of the rectum, thus ^vmg tlie valves what might I 

(lewrihcd as " fn^ctile " oharacteristica. 
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The appendix Termiformis has the same general \ 
arrangemiiut as the large intestine. In the mucosa, 1 
however, the crj-pts oi' I^ieberkuhn are shorter and lese J 
namerouB. The lymphoid tissue is very promineDt^.I 
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usually encroaching upon the Riypts and oftentimes dis- 
placing Home of the lower epithelial cells, and forming 
a complete layer aromid the mucosa. A true basement 
membrane is absent or incomplete and the muscularis 
mucostE is frequently internipted. 

The muscular coats are relatively very well developed, 
The blood supply of both stomach and intestines fol- 
lows the same plan. The afferent arteries pierce the 
outer two coats and give off large branches in the sub- 
miicosa. From these, two sets of capillaries originate, 
one supplying the muscular and serous coats, the other 
being distributed to the mucosa, where it forms a sub- 
epithelial network and also surrounds the glands. 

The nervee, which are both raedullated and nonmed- 
iiilatcd, pierce the serous coat and the outer muscular 
coat and form a complex network l)etween the longitu- 
dinal and circular muscular coats, beset with micro- 
scopic ganglia. This network is called the plexus of 
Auerbach, and sends branches to the serous and outer 
muscular coats. Numerous branches are also given off" 
to the subniricoaa, where they form another finer net- 
work (the plexus of Meissner), which in turn gives oS' 
very fine branches to the epithelium, glands, and villi. 
lA/mphniics are very plentiful, beginning as blind 
canalB situated between the glands, as lacteals witliin 
the villi, around the lymph-follicles, and in the muscular 
tissue. Thesu canals communicate with a lai^ plexus 
of moderate-sized lymph-vessels, which accompany the 
blood-vessels in the suhmocosa, and eventually pierce 
the muscular and serous coats to run within the peri- 
toneal cavity 

THE LIVER. 
The liver is composwl of five lobey, which are en- 
velojied !>y a thin covering of fbroim t'umie. 
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This fibrous tissue, which is very scanty and incom- 
plete in man, but well marked in the hog, extends 
from the surface down through the substance of the 
organ (the capsule of Qlisson), dividing it up into 
irregular lobules* which appear roughly hexagonal in 
s(^ctions. 

The lobules are comjK)sed of tortuous rows of poly- 
hedral, granular cells (hepatic cells)* radiating from 
the center toward the periphery of the lobide. 

The liver receives blood from two sources : viz., the 
pm'tal vein and the hepatic avtei^y. These vessels enter 
the organ at the transverse fissure and divide into small 
branches, which run between the lobules in the capsule 
of GHsson and are called the hiterlobiJar veins and 
artet'ies respectively. 

The interhhuhir vein now sends a network of capil- 
laries (the intralobular capillaries) between the rows of 
hepatic cells, to collect again in a small vein at the 
center of the lobule (the central or hiiralobular vein). 

The interlobular branches of the hepatic artery divide 
up into capillaries, which are distributed to the fibrous 
structures in the capsule of Glisson, and eventually 
enter directly into the intnilobular capillaries, so that 
the blood in the central vein is really a mixture of 
that brought to tlie liver by both the hepatic artery and 
the portal vein. 

A number of central veins unite to form larger veins 
(the mtblobukir vems), and these in turn unite to form 
the hepatic veins, which conduct the blood from the 
liver to the vena cava. 

Between the individual liver-cells in the center of 
the radiating columns are minute branching vessels (the 
bile capillarie.s)y which run to the periphery of the 
lobules and there empty into the intet'lobular bile-duds. 
These accompany the interlobular arteries and veins 
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in Glisson's capsule, and the throe vessels, witli their 
aurroiinding fibrous tissue, arc tenntd the portal canals. 
The bi!e-ducta constantly join otiier bile-tliicts, until 
they finally leave the liver by two large ducta, which 
fuse to become the hepatic duct. 

The bile-ducts are lined by a single layer of columnar 
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epithelium, surrounded by a wall of fibrous tissue in- 
terBjieraed with Rbei's of yellow elastic and smooth 
muscular tissue and supported by some loose areolar 
tissue, 

Tlie /i/iupknilcjt of the liver accompany the blood- 
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vessels as perivascular spaww, the miprrfickJ lymphoHca 
occurring arouni] the vessels of the mpsule. The deep 
]Aexiui stirroimds the int(>rlol>ular vesBcIs, and possibly 
the intralobular capillaries. 

The ntrcRS of the liver are both mednllated and non- 
me(lnllntc<l. They follow the course of the hfpatie 
artery in the capsule of GlisHon, Small ganglia o«»- 
slonally oceiir near the edge of tlie lobule, hut the exact 
termination of the tibers is not known. 

The gall-bladder consists of three coats. The 
fflu«otw or internal axU is composed of columnar epi- 
thelium continuous with that of the hepatic duct. Ex- 
ternal to tills is the middle or Jibrmia coat, which, besides 
while fibrous tissue, contains numbers of longitudinal 
and transverse smooth musirk'- fibers. 

The outer or aerowt coat Is derived from tlie jwri- 
toneuin. 

The inner surface is thrown into small ridges, called 
rugs, and is usually covered by a viscid secretion from 
the mucous lining. 



THE SALIVARY GLANDS. 
The salivary glands nre tlif parotid, the submaxil- 
lary, and the sublingual glands, :in<l thv pancreas. 
They ail belong to either the coni|KHiiid tuluilar or the 
raccmos4- typo of gland, and are surrouutliHl by a cap- 
atilt of fibrous tissue, winch sends st^'pta down into tlie 
glands, dividing it into lobes. The lobes are further 
subdivided by smaller septa of fibrous tissue iuto 
lobules. The main duct of the gland enters at the 
hilum and divides into numerous brandies, one of which 
is distributed to each lobe (the inifrlohnr rfurf). These 
further divide, sending a branch (the iuterlobufar diielti) 
to each lobule, where tliey again divide into the intrO'- 
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lobular duds, or aalivary tubes of Ffiiiffei; which in turn 
continue for a way as the intefiMdiate tiibeif, and termi- 
nate in the secreting portion of the gland, the acini, or 
alveoli. 

All the dmia are lined with a layer of columnar epi- 
thelium, which rests on a basement membrane. In 
some of the main ducts a second layer of low cells ig 
found between the columnar cells and the basement 
membrane. External to the basement membrane m a 
fibrous coat, which may contain some fibers of yellow 
elastic tissue and, in the larger ducts, smooth muscle- 
fibers. 

The acini vary in difi'cront glands from saccular to 
club-shaped or tubular. They are lined by a single 
layer of epitlielial cells, broader and larger than those 
lining the ducts, which rest upon a niembrana propria, 
or basement membrane. 

According to tlie character of the sasrelioii and the 
general gtrudure of tlie acini, the salivary glands are 
divided into the neroua, rmteous, and mixed glands. 

The serous g;lands secrete a thin, watery, albumi- 
nous saliva. The alveoli are usually small and of the 
tubular variety. 

The cells are opaque and markedly granular, and 
rest upon a relatively small basement membrane. The 
nuclei are usually round, and are placed about one-third 
the width of the cell from the basement membrane. In 
the true serous glands the " demilunes " are absent 

The mucous glands secrete a thick, viscid fluid 
(mucus). The alveoli are usually larger than those in 
the serous glands, and are saccular or flask-shaped. The 
cells are larger, transparent, but slightly granular, have 
a well-developed basement membrane, and stain but 
slightly. The nuclei are usually flattened, and are 
placed close to the basement membrane. 
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In many alveoli we find, besidea the laT^ clear cells 
just describwl, thin, p^ranular cella, or groups of cells, 
orescentic in form, and situated at the periphery of tbctl 
acini, against the basement membrane. These usuatl]^ 
liave a spheric nucleus, and are known as the demilum 
of Heiiienkahi, or the crescents of Qianuzzi. 

The mixed glands, or seromucous glands, roa^ 
have some acini of the serous type and some of thi 



mucous, or some acini may contain cells of both kind&: 
It has been claimed that the demilunes could be oott- 
sidered as representing occasional serous cells situate 
peripherally in a mucous gland. 

The blood supply of the glands is very abundant, tliQl 
arteries accompanying the excretory ducts to a poin 
near the acini, wliero they branch into a network of 1 
capillaries, which closely surround the basement mei 
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brane of the acini, and reunite to form the veins, which 
return parallel to tlie arteries. 

The larger lymphatic vessels are found with the arte- 
ries in the interlobular connective tissue. These send 
along the course of the ducts branches which terminate 
in numerous irregular clefts or spaces around and be- 
tween the aciui. 

Nervea are plentiful, and consist of medullat«d and 
nonmedullated fibers, with numerous small ganglia. 

The ultimate distribution of the nerve filaments is 
unknown, having been traced jxtsitively only as far as 
the basement membrane of the alveoli. 



The Parotid Gland. 

The paixitid gland is a typical serous gland, and pos- 
sesses tlie characteristics previously descrii>ed under 
tliat head. 

TTie excretory duct (Stenson's duct) is large, has 
thick walls of fibro-elastic tissue, and is lined by a 
double layer of epithelium. Its smaller branches are 
liued with a single layer of columnar cells, which pi-c- 
sent a distinctly striated appearance at their free et^es, 
and are hence called rod epithelium. 

Between the intralobular ducts and the acini inter- 
mediate or intercalated tubules occur. These are small 
tubules lined with flattened cells. 



The Pancreas. 

The pancreas is a gland of the serous type, and re- 
sembles the parotid gland so closely as to have been 
called "the abdominal salivary gland." It differs, 
however, from the parotid in the following ft'atures : 

The pancreatic duct (<jr main duct of the gland) 
branches directly to ft»rm the biitvmediaU-. tulmlea with- 
out the intervention of the intralobular ducta, or sali- 
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vary tubes of Pfliiger, which in the parotid are lined 
with rod epithelium and are quite prominent. 

The a^iini are longer and narrower, as a rule, than 
those of the parotid. 

The secretim/ ceils are more columnar, narrower, and 
their nuclei are usually slightly farther from the per- 
ipheral edges of the cells. 

The colls also contain distinct, highly refracting 
granules (the zymogen granules), situated mostly at 
the margin of the cell-body next to the lumen. The 
number of granules and the extent of the granular zone 
in the cell depend upon the state of activity of the 
gland, being least in evidence just as digestion begins. 

The development of the pancreas is not homogeneous, 
but throughout the organ are found certain small, 
denser areas, well supplied with blood-vessels, which 
are undeveloped lobules or acini. 

These areas possess vaguely the type of the rest of 
the organ, and have received the special name «« bodies 
of Langerhans." 

The Sublingual Gland. 

The sublingual gland in man affords a typical exam- 
ple of a mucous gland, having all the characteristics 
previously described under that head. 

Its main duct, the ductus sublingualis, or duct of 
Bartholin, is lined with a double layer of columnar epi- 
thelium, which rests upon the usual membrana propria 
of fibro-elastic tissue. 

This duct branches to form the intralobular or 
mucous tubes, which pass directly into the acini, there 
being no " intermediate '^ tubules in this gland. 

The fibrous tissue between the acini is quite scanty, 
and usually contains many wandering connective-tissue 
cells. 
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The Submaxillary Gland. 

In man tliB submaxillary gland is of tlie mucoseroiis 
or mixed type. Tiie main duct, or dtui of Wharton, 
divides in the usual manner until the intermediate 
tnbnles are reached, some of which terminate in the 
acini of the serous type ; others, iu the acini of the clear 
mucous tj'pe. 



QUESTIONS FOR CHAPTER vm. 

137. Describe tllR miicflua memliruue oF tlie mouth, 

138. Of what tiBBue is the tongue ooinposed ? 

139. Name the types of papillcc id the t«ngne. 

140. What are the taste-hwis? Dcscril* them. 

Hi. What is the lymphatic supply of the tonfrue? the blond 
SQpply ? the uerve supply ? 

143. Describe the gross structure of the tfiotli. 

143. What is dentin ? Describe it. What is the enamel? the 
cementam ? the tooth-pnlp ? 

144. What layers of the embiyo contribute to the development 
of the tectli? 

145. What is the dental ridge? 
14fi. WliataretheodontoblBStH? 

147. Describe the process of t<>oth development 

149. Name the four layers of the GHopiiagiis. Describe each. 
140. What two portions of the stomach are cunxidered histolog- 
ically? 

150. Name the four layera of the stomach. 

151. Deaoribci theinucou.<<coalof the cardiac end ot Ibestnmiu'li; 
the submucous coat; the muscular coat ; the serous cottt. 

152. How does the pyloric differ from the eaniiao end of the 
stomach? 

163. Name the fonr coats of the intestine. 

154. What portions of the intestine do we reoDguize structurally ? 

155. WhatareUie villi? 

156. WliatarethemlvnlfBconniventea? 

157. Dcsorilie the mucous membraue of the small intestine. 

158. 'What is the endotlieliuiu of D61>oi-e? 
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159. What are the laoteals ? 
16(). Wliat are Peyer*s patches ? m 

1()1. Describe the HubiiiucouH coat of the small intestine. 
1(J2. What are crypts of Lieberkuhn? 
ICui. I)e.s(Ti))e the muscular coat of the small intestine. 
Uii. Wliat are Brunner's glands, and where do they occur ? 
KJo. How do tlie large intestines differ from the small ? 
l(i(). DeHcril)e tlie structure of the appendix vermiformis. 
1()7. Descril)e the blood supply of the stomach and the intes- 
tines; the nerve supi)ly; the lymphatics. 
1()H. Into what is the liver divided ? 
1()9. What is the ciipsule of Glisson, and of what is it composed ? 

170. Of what are the lobules comi)08ed? 

171. I)escMil)e fully the blocxl sui)ply to the liver. 

172. Where do the bile capillaries originate? Describe their 
coui'se. 

173. Describe the ix)rtal canal. 

174. Describe the structure of a bile-duct. 

175. Describe the lynij)]! supi)ly of the liver. 

176. Descril^e the nerve supi)ly of the liver. 

177. De^scribe the stnicture of the gall-bladder. 

178. Name the salivary glands. 

179. Outline their general structure. 

180. Wliat is the main duct? Wliat are the interlobar ducts? 
the salivary tubes of Pfluger? the intermediate tubes? the alveoli? 

181. What is the structure of the ducts? 

182. Wliat is the cluinictcristic of a serous gland ? of a mucous 
gland ? of a mixed gland ? 

183. What are the demilunes ? 

184. Describe the blood supply of the salivary glands; the 
lymphatic supply ; the nerve supply. 

185. Describe the special characteristics of the jmrotid gland. 

186. Describe the special characteristics of the pancreas. 

187. What are the bodies of I^ngerhans ? 

188. What type of gland is the sublingual ? Describe it. 

189. What type of gland is the submaxillary ? Describe it. 



CHAPTER rS. 

THE URINARY TRACT. 

The kidney is covered by a capsule of fibrous tissue, 
aud upon longitudinal section is seen to be composed of 
two distinct jxirtions. 

The outer or cortical portion is granular in appear- 
ance and comprises about oue-third of the organ. The 
inner or medvOary portion constitutes the remaining 
.two-thirds of the organ, and is seen to be composed of 
a number (from tan to fifteen) of pyramidal masses (the 
pyramids of Malpi^hi), with tlieir bases at the inner 
edge of tlie cortex, and their apices pointing into the 
sinus, constituting the papUlep.. 

They are finely striated radially, owing to the alter- 
nate arrangement of the uriniferous tuljules and blood- 
vessels which compose them. Usually small extensions 
of cortical substance, callitl tlie cortioal cohinins, or 
columns o* Bertlni, project down l)otween the pyra- 
mids of Malpighi, separating tlieni one from another. 

At intervals along the juuotioa of the cortex with the 
Malpigliian pyramids projections fi-om the latter extend 
into tlie cortical sulistance. These arc called the 
medullary rays, or pyramids of Ferrein, and consist 
of coiitinuiitioTis of the striatioiis composing the Malpig- 
liian pyramids. That portion of the cortex situated 
between tlie pynimids of Ferrein has received the name 
of the labyrintli, on account of the tortiions course 
which its component tubides take (being composed 
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The sinus haa sevenil hrannhes or divisions, into whifll 
I pi-oject the papillse (the infundibulse, or calyces). ' 

URBSIFEROUS TUBULES. 
|, The histologic units of the kidney are the uriniferc 

tubules. Thc'se tubules begin as closed, spheric e 
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sions (the glomeruli or Malpighian bodies) in the 
labyrinth of the cortex. At the end of the glomerulus 
a slight constriction occurs, called the neck. Next the 
tubuie increases in size slightly and pursues a wavy 
course, entering the area of the nipdullary ray (the 
first or proximal convoluted tubule). Here it turns 
downward in a spiral course (the spiral tubule), 
until it reaches the lower border of the medullary ray, 
and enters one of the Malpighian pyramids. At this 
point the diameter becomes much smaller and the tubule 
descends in nearly a straight line as the descending liiiA 
of Henl^s loop. When well down in the Malpighian . 
pyramid, the tube expands somewhat, and then turns j 
abruptly upward (the loop of Henle) and ascends in a i 
straight line, nearly parallel to the descending tubule, k 
until it is well up into the medullnry ray (the ascending 1 
limb of (he loop of Hetde), when it ex])unds still more, re- I 
enters the labyrinth, and follows a verj' irregular cours6^J 
for a short distance (the irreffufar or zigzag tubvle). I 

The convolutions of the zigzag tubules become more J 
r^ularly curved (the second or did(d convoluted tvhe), J 
and the tubule again enters the medullaiy ray. Here j 
it forms a slight arch (the arched coSeding or jundionai \ 
tubule) and joins a large collecting tubule or the tiibule I 
of Bellini, which runs straight down toward the pelvis f 
of the kidney, joining other similar collecting tubules 1 
to form principal tuhules, several of which unite to form"! 
a papillary duet, which terminates at the end of one J 
of the papillte. A single papilla will contain about J 
two hundred papillary ducts. I 

A Malpighian body is composed of a small afferent 
arteriole, which immediately branches Into a spheric 
tuft of capillaries, which reunite to form one or, rarely, 
more efferent arterioles, which emei^ beside the affer- 
ent vessel. 
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Closely sfirruunding this tiift and dipping down be- 
tween the eapillaries is a thin layer of fibroiia tissue 
called the capsule of Bowman, which serves as a base- 
ment membrane for a layer of flat cells, wbicli are con- 
tinuous with the cells lining the nriniferous tubules. 




At the upper part of the Miilpiffhian bi>cly, where the 
arteriole enters, the capsule of Bowman with its layer 
of cells bends shaq)ly around upon itself, and desceuds, 
inclosing a very narrow space, which is the beginning 
of the lumen of the tubule. The tuft, therefore, lies 



entirely on the outside of the tuhule, as thou^ it had 
lM?eii thmst iutw a holloiv sphere, causing one side to be 
invaginated into the other. 

The nriniferoue Ivbules are siirroHnded by a basement 
merabranp, wintinuous with the capsule of Bowmatu 
upon which, internally, rests a single layer of epithelu 
cells, contiuuous with those liuing the Malpighian t 




The size and character of these cells var)- according \ 
the part of the tubule in which they are found. Tb_ 
^toment^iw is about 0.2 mm. (y^of an inch) in diameteia 
the cells lining it being sifmtmmi^. At the neck th* 
diameter diminishes to 25 microns (yTnnT o^ ^ 
the epithelium being of j ' 



cuboid form. 
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proximal and distal convoluted tubules are similar, 
being 50 microns (j^ of an inch) lu diameter and 
lined with columnar cells. These cells are of moderate 
size, being about 12,5 microns (j-aVj of an inch) high. 
In favorable prejwirations they are seen to contain line 




etriations at the outer border, and to be finely granular 
in that portion next Ut the Inmeu. The spiral tubule 
diminishes slightly in size to 40 niicmnn (-g^ of an 
inch) ; the epithelium resembles that of the fouvoluted 
tubules, with perhaps a slightly plainer stnation. T' 
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epithelium at the dencendirkg limb of Henkfs loop be- 
comes very nuu;h flattened, being only about 3 microns 
(tjW ^^^ ^" inch) in thickness, the total diameter of 
the tul)e at this place measuring about 10 microns 
(tbVit ^^^ ^" inch). In the loop and asoendiriff Umb qf 
llenU the cells increase in size to 6 microns (W^t^ of 
an inch), the total diameter of the tube bemg 25 
microns (y^nnr ^^ ^" inch). No definite size can be 
ascribed to the inrfjular tubule ; it varies, however^ be- 
tween 35 and 60 microns (y^ and ^4^ of an inch). 
The cells resemble those of the spiral tubule, the nuclei 
being more oval and nearer the lumen. The tubes of 
Bellini have the general (characteristics of the scooimI 
convoluted tubule, being, however, slightly narrower 
(40 microns, or -g-^ of an inch). The prmdpal tubes 
and pcqnllary duds vary in size up to 250 micionB 

(ro^TT ^^ ^^ inch). 

It will be seen that, with the exception of the glom- 
erulus, in a cross-section of a tubule the cell on either 
side and the lumen each occupy about one-third of the 
entire diameter. 



BLCX3D SUPPLY^ 

The blood enters the kidney at the hilum through the 
refiicd aiieri/y which passes just within the mucosa of the 
pelvis, sending branches {intcrpuramidal arteinea) up 
between the Malpighian pyramids (in the columns of 
Bertini) and a few very small branches to the adjacent 
tissues. The large branches proceed upward to the 
juncture of the medullary and cortical portions, where 
they turn nearly at right angles and form arches over 
the top of the Malpighian pyramids, called the arte- 
rial arcade. From the arterial arcade two series of 
smaller branches arise : one series, the inteiiohidar wte- 
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ries, riinning straiglit biwani the ]>eriphery, iiillowing 
the (luter border of the labyrinth ; the aecond series, the 
ariei-UB rectce, runDiDg t*iward the pelvis, Into the Mal- 
pighiau pyramids. 

The interlobular arteries jjive off intji the labyrinth 




numerous lateral branches, which enter the glomendi 
as f^erent arieriuks. These form a small plexus within 
the glomerulus and emerge as the cfferaU niierioles, break 
up into capillaries, and course around between the 
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iiriniferous tubules of the labyrinth and medullary ray^ 
a few vessels reaching down into the Malpighian pyra- 
mids. 

The capillaries join to form small veins (the inter- 
lobular veins), which empty into the venous arcades, 
and thenct^ into the interpi/ramidal veins and into the 
reiuil vein, running parallel to the arteries of similar 
names. Just beneath the capsule some of the vessels 
form sniall^ irregular sinuses^ called the venae Stellas. 

The arterias rectas form capillaries, which run be- 
tween and encircle the uriniferous tubules in the Mai- 
pigliian pyramids, form a network around the openings 
of the caj)illary tubules, and return by the vence rectce 
(by the side of the arterise rectse) to empty into tlie 
venous arcade previously described. 

LYMPHATICS* 

The lymphatics of the kidney are not well defin^. 
One system is found in the capsule, the other in the 
basement membrane and fibrous tissue between the 
tubules. 

NERVES- 

The nerves of the kidney are of the nonmedullated 
variety. They enter at the hihun with the blood- ves^ 
sols, follow the course of the latter, and send smal] 
branches between and around the uriniferous tubules^ 
But little is known of their ultimate termination. 



THE SINUSES, PELVIS, AND URETERS. 

The sinus, pelvis, and ureters are covered by- 
three layers of tissue — a fibrous, a muscular, and an 
epithelial. 
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The fibrous coat is an extension of the capsule, 
lies in contact with the kidney-substance proper, and 
continues as the outer coat of the ureters, at the distal 
end of which its fibers mei^e into the outer surface of 
the bladder. 

The muscular coat iu the isiuus and pelvis consists 
of two coats— an older (next the fibrous coat) lovffUur- 
dinal, and an hiner mrcular. Over the papillte the 
longitudinal fibera disappear. In the ureter the same 
layers persist, with the addition, near the bladder, of a 
third more internal coat, in wliich the fibers run longi- 
tudinally. 

The epithelial coat is continuous witli the lining of 
the papillary ducts, immediately becoming of the tran- 
sitional variety at the orifices of those structures, and 
extending to the epithelial lining of the bladder. A 
slight basement viembrane underlies the epithelial coat 
and separates it from the muscular, 

A few blood-vessels and nerves are found, mostly in 
the outer fibrous coat. 



THE URINARY BLADDER. 

The bladder has a fibrous, a muscular, and an epi- 
thelial coat, continuous with those of the ureters. At 
the areas covered by the peritoneum a fourth or serous 
coat will be found. 

The fibrous coat is rather thin, and contains numer- 
ous fibern (if yellow clastic tissue. 

The muscular coat composes the laigcr part of the 
bladder-wall, and contains three poorly defined layers 
of smooth muscle-fibers: viz., an outer longitudinal, a 
middle circular, and an inner longihidinai. 

The epithelial coat is of the transitional type, and 
is thrown into folds wlicn the bladder is empty and 
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contracted, tlie ttlls then Itelug diiuker and more nearly 
spheric. When distended, the cells become more 
eloMfpited and fliitU'ned 

All the mats arc ri(.hly supplied with cajiiUatif hhnd- 

Ljfmpkaim arc also abundant, efi|>e(ialh »o just 
beneath the epithelial Burfaot, ni which k>cality lymph- 
folUclea also occur. Bt)lli mtflvffated and 7ionnuduilaUd 
iierve-fibera as well as smdll ijartgha luaj be obbtrved in J 
moderate numbers. 




Y\g. 55.— Crlrary bladder 



THE URETHRA. 

The male urethra has three layers, from within oiit>- 
ward— a inueou-n, a mtisculm; and a fibrous may be di&«, 
tin^iished. 

The mucous coat has an epithelial surface, varyiA^' 
in different localities and resting upon a tibro-elastic 
tunica propria, or basement membrane. The epithe- 
lium is transitional, and is continuous with that of the 
bladder in the prostatic portion. In tlic niembranous 
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iwrtion it is columDar and stratified ; in the spongy or 
penile portion it is but a single layer in tbickness, and 
is Goluninar. In the fossa navicuiaris it is continuous 
with the external covering of the glans peoia, and is of 
the stratifi»l squamous variety. Hniall rat^mose glands 
(the gluTuh of lAttre) ocour throughout the length of the 
mucous coat. 

The muscular coat is of smooth muscle, arranged as 
on inner lojiffitiidiiuU and an owter circular layer in the 
prostatic and membranous portions of the uretlira, but 
disappearing in the penile portion. 

The fibrous coat surrounds the muscular ; when 
present in the penile jKtrtiou, it supports the mucous 
membrane. 

The female nrethia has the same three coats as the 
male : viz., raucous, muscular, and fibrous. 

The inner surface, especially near the meatus, is 
covered with irregular projections — the papiSte. The 
mucous coat is lined throughout witii draiijied sqaa- 
moue epUhdium. The tunica propria is similar to that 
in the male, but the small glands are much fewer in 
number. The fibers of the muscular coat are also ar- 
ranged in an inner longitudinal and an outer eiraubir 
layer. The mMcoua eoat is richly supplied with capil- 
laries. Lymphatics and iwrriw occur in abundance be- 
neath the mucosa, the latter terminating just below the 
epithelium. 

QUESTIONS FOR CHAPTER IX. 

190. Describe the grona appearance of the kidney. 

191. What is the caiisule 7 cortical portion ? mcdallnry portion? 
What are the pjTamidB of Malpighi ? the papillie ? 

192. What are the colnmna of Bertini ? 

193. What are the mednlliuy rays or pyrainicls of Ferrein? 
IM. What ia the labyrinth? 
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195. What is the hilnm? pelvis? sinus? What are the infrm- 
dihuhi, or ealycvs? 

11M>. Wliiit is a iiriniferoiis tubule? 

197. Outline general course of a tubule; give names of each 
location. 

198. Describe a Malpighian body. 

199. What is the ciipsule of Bowman? 

*2(MK (live the structure of a uriniferous tubule. 
201. (Jive rehitive sizes of tubules in different locations. 
*20*J. How does the size of the lumen compare with the size of 
the eells surrounding it? 

2(y,i. I)escri])e the l^lood -supply of the kidney. 

201. What is the arterial arcade? 

205. What are tlie arteriie recta? ? 

20(). AMiat are the venie stellae? 

207. I)es(»ri])e the lymphatics of the kidney ; nervensupply. 

20?^. What is the structure of the sinus, pelvis, and ureters? 

209. Describe their fibrous coat; muscular coat; epithelial coat. 

210. Of what coats is the urinary bladder composed? 

211. Describe its fibrous coat; muscular coat; epithelial coat. 

212. What are the layers composing the urethra? 

213. I)eseri])e the mucous coat; muscular coat; fibrous coat. 

214. Describe the female urethra. 



THE MALE GENERATIVE ORGANS 

THE TESTICLE. 

The testicle is a onuponint arrangement of cuiled 
tubular glands. It is covered externally by a (^peule 
of Sbroua elastic tissue, the tunica albuginea, which 
at the posterior portion becomes very much enlarged, in 
which locatiou it is called the mediastinum, or body 
of High more. 

The tunica albuginea is further divided into two 
layers : the outer, covering moat of the organ, being 
an extension of the peritoneum, has tlie structure of a 
serous membrane, and is called tbe tunica vaginalis ; 
the inuer contains a rich blood-supply, and is called the 
tunica vasculosum. 

The mediastinum and the tunica vasculosum are con- 
nected by septa of fibrous tissue, which divide the Inxly 
of the organ into irregularly pyramidal lobules. 

In these lobules lie a varying number of the semin- 
iferous tvhuies (from 300 to 800), which begin as 
closed tubes near the periphery of the lobule and run 
to the edge of the mediastinum, where they unite into 
from 20 to 30 larger ducts (the vasa recta)aDd enter 
the mediastinum, anastomoshig with one another to 
form a mass, called the rete testis, whence they emerge 
from the upper edge of the mediastinum as a dozen or 
so tubules (the vasa efferentia). These pass through 
the tunica albuginea, and at firet follow a straight 
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course ; then fin'ni a series of conic masses (one for 
each tubule), called the coni vasculosi, the entire r 
constituting the globus major of the epididymis, 
the bottom of the globus major all the tubules opt 
into a lai^er single tulie (the body of the epididymis], 
which runs a very convoluted course, dilating at its end 



Globus Major. 
Tunica Vaginalia. 
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to form the globus minor, which empties into the vm 
deferens. This follows the spermatic cord through t" 
internal abdominal ring and passes to the base of tbip 
bladder, where it joins the duet of the vesicula s 
naiis to form the ejaculatory duct, which 
through the prostata to the verumontanum of 
urethra. 



THE TESTICIjB. 

The aemlniferoiui tubiUes may be dividec! into three 
portions : 

1. The convolvied tuhules, oeeupyinj; about the outer 
three-fourths of the lobules. 

2. The straight hibulea, which continue to the vasa 
recta. 

3. The tubules in the mediaatinnm. 




In etracture the sennniterous tubules eonsi'^t of an 
outer covering of fla( endothelial telh, which surround a 
thin buitement msinbi ane Internal to this are several 
layers of irregular epithelial ceUs, more or less of which 
will be found to be in proeess of karyokinesi^ according 
to the fiinetiunal acti\ it} of the organ 

The oid«r epithelial cella are called the parietal 
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cells, and are of two kinds ; the first, or sustentacular 
cells, or Sartoli's columns, take uo active part in the 
production of tlie spermatozoa ; the second, or sperma- 
togenic cells, are the eventual progenitors of the sper- 
matozoa. Inside of the parietal cells a second layer 
may be distinguished, nijiriy uf which in the active 
organ will be found to exiiibit mitotic figures. These 




cells are the direct descendants of the eperinatogenic 
cells, and are called the mother eelk. The mother cells 
by their multiplication give rise to a third layer of 
cells, internal to the previous two, called the daughter 
ceBs. These cells are somewhat smaller than the 
mother cells, and at the inner portion of the layer 
many of their nuclei may be seen from around which 
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most of the cell-body has disappeared, forming the 
spermatoblasts. From the spermatoblasts the sper- 
matozoa iire formed, and may be seen with their heads 
eniliLKldod among the spermatoblasts and the daughter 
cells. 

The spermatozoa in man are about 50 niiorona in 
length, and consist of a hetitl, a ixxly t>r middle piece, 
and a tail. 

The head is flattened ovoid in shape, its under sur- 
face being slightly concave. It measures about one- 
twelfth of the entire length of the spermatozoa, or 3 or 
4 microns. 

The body is attached to the posterior (tart of the 
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head, where it is about 1 micron wide and tapers 
down for a distance of from 4 t<> 6 microns, where it 
joins the tail as an extremely delicate filament. 

The (ail forms the greatest part of the total length, 
measuring about 40 microns. It is a very thin, hair- 
like filament, which, when the s{)ermatozoa is alive, has a 
very rapid lashing movement, by virtue of which the 
element is enabled to travel at a considerabk' rate of 
speed in fluids. Rtiiining through the center of the 
body and tail is a fiue line, calleil the axial fiber, which 
at the end of the tail is nncoveral and forms the termi- 
nation of that part. The .spermatozoa possess much 
vitality, being able under favorable circumstances to 
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retain their power of movement for scveml days out- 
side the body. 

The aeminif^oua tiiiulea are held t<^ether by loose 
coDnective tissue, embedded in which at irregular inter- 
vals small masses of polyhedral epithelial cells occur, 
termed the irUerditial ctMs. Tiiese arc the remains of a 
fetal structure — the Wolffian body. 

The straight tubules are smaller than the convoluted 
tubules, measuring only about 25 micrans in diameter. 
They are lined with a single layer of short columnar 
epithelium, the external coat remaining the same. 

The tubules of the rete testis vary nmcli in size, 
and arc lined by a single layer of flat epithelium. 

The vasa efferentia and the coni vasculosi are 
lined by several layers of columnar qnUidium, the 
innermost layer of which is provided with long dlia. 
The iibrous coat contains many fibers of smooth mus- 
cle, arranged circularly. 

The epididymis is similar to the vas efferentia in 
structure, but the smooth muscle-fibers increase in num- 
ber and size. 

The vas deferens, or spermatic duct, has, in addi- 
tion to the structure of the epididymis, a well-marked, 
smooth, muscular coat, the inner layer of which runs 
circularly, the outer layer longitudinally. 

The veslcula seminalis continues the structure of 
the vaa, but contains in its mucosa numerous small 
tubular glands. 

The ejacuiatory duct differs from the vesicula semin- 
alis in being lined by a single layer of columnar epi- 
thelium. 

The blood aapply of the testicles enters tlie tunica 
vaseulosa and mediastinum, whence it is distributed 
through the septa, and thence by small branches to the 
interbibular connective tissue, there breaking up into . 



capillariee Burrounding the tubules and returning 
through veins accompanying the arteries. 

Two sets of lymphatics are present : the first, within 
the tunica albuginea ; the second, or deep, surrounda 
the seminiferous tubules and rete testis, emptying into 
the large lymphatic veaaels of the spermatic cord, which 
in turn terminate in tlie lumbar glands. 

Botli medvllakd and wmmedvilaied nerve-fibers are 
found between the seminiferous tubules. 



THE ^MEN. 

The semen contains, besides the spermatozoa, numet- ' 
ous epithelial ceVa ; round, aSyuminous granules ; dear, 
waxy, cylindriii masses from the vesicula seminalis ; and 
some spheric or irregular yellowish bodies, which con- 
tain concentric markings su^estive of those found in 
the potato starch. These bodies are called the pros- 
tatic concretions, or amyloid IXMlies. 



THE PENIS. 
The body of the penis is covered externally by sldn 

witli its stratified epithelium, the subtrutaneous tissue 
of which contains little or no fat. It is free from 
hairs, and at the juncture of the prepuce and glans 
numerous small tubular glands (the glands of Tyson, 
or giandulse odoriferie) occur, wliicli secrete the 
smegma. Tiie glans penis is covered with a stratified 
mucous membrane having but little submucosa and 
being firmly adherent to the underlying corpus spongi- 
osum. The under surface of the mucosa is indented 
by lai^e papillse, in which the genital corpusdea are 
situated. 

Beneath tlie subcutanetius tissue in the dorsal portion 
of the oi^n is found a thick oval sheath of longitudinal 
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fibroas tissue, interspersed with much yellow elastic 
tissue (the tunica albuginea), surrounding two masses 
of ereutile tissue (the corpora cavernosa), each of 
which ia also covered with an iudivicJual circular coat 
of fibro-elastic tissue. Below the corpora cavernosa is 
another body of erectile tissue, surrounded by a less 
distinct sheath, called the corpus spongfiosum, in the 
center of which is situated the urethra. 

The corpora cavernosa arc coni^joafd of very nunier- 
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ous branching irregular Irabecufa, which extend from 
the surrounding fibro-elastic sheath, and contain scat^ 
tered groups of smooth muscle-fibers. The spaces 
formed between the trabeculse are lined with endo- 
thelium, and, being eonnected with the arteries and 
veins, form lai^ sinuses, which become enormously 
distendefl during erection. 

The corpus spongiosum contains much the same 
structure as the corpora cavernosa, the trabecnlsB, 
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however, being much finer and the hlood spaces 
Buialler and more regular in size. At die glans il ex~ 
jniids, covering the ejids of the corjMra cavernosa, and 
is covered directly by the mucosa of the ghius. 

The male urethra lies in the center of the corjius 
Bpongi<^>sani, aud extends from the bladder to the 
meatus. 

The blooil mipply is derived from the dorsal artctieg 
and the arteries of the cor[>ora i«veriiosa, wliich break 
up into onpillaries, most of which empty into tlie blood 
spaces of the corpus spongiosum and corpora cavernosa, 
thence bt be drained by the small veins emptying into 
the dorsal vein or to fxtss out at the mot of the organ 
into the prostatic venous plexus. 

Some of the arteries cut^-ring the coriwra cavernosa 
do not at once break up into capillaries, but form tor- 
tuous vessels, which in the nonercct condition of th6 
organ form loops, wliich project iuto the cavernouB 
spaces. These liave lieen called the belicene arteries. 

Many of the capillaries from these arteries supply 
the tissue of the trabccutie and return tlirough the 
veins without emptying into the cavernous siMces. A 
deep and a superficial set of lifmphnlicn are present ; 
the latter l>cing distributed in the subculaiienus tissue 
and accompanying the superficial vessels, and terminat- 
ing in the inguinal glands ; the former arising in the 
corpus spongiosum and corpora cavemosum, following 
the deep blood-vessels, to terminate in the deeji lymph- 
atics of the pelvis. 

The Twnrw are both me<lullated and nonmediillated, 
from the pudic and hypogastric plexus of the synipa- 

Both the Padnmn bo<l!m and 'jrnit'al eorpiufh-n are 
found. 
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THE PROSTATE. 




The prostate is a cwiupound tubular gland, and is 

inclosed by a two-layered capsule, the outer layer of 

which is fibrous tissue, the inner layer, smooth muscle. 

^t From the muscular layer tJie main stroma of the 

^ft, gland is derived, containing but occasional fibrous 

^K tissue bundles. The acini of the gland are lined with 
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a single layer of columnar epithelium. Frequently, 
between this epithelium and its basement membrane 
numerous small, roundish cells are found. Occasion- 
ally, especially in old age, the acini will be found to 
contain clearish, rounded, laminated masses, of an 
albuminous nature, called the prostatic concretions. 
The larger ducts are lined with a atratiiied epithelium. 



oontmuous with that of tlie urethra. The blood supply 
entere the capsule and is dlBtributed in a rich capillary 
network about the acini and within the fibrous capsule. 

Lymphatic clefts occur in the fibrous septa and 
accompany the veins, 

Medullated and nonmedullatwi nerve-fberg occur 
between the acini, but their mode of termination ia 
unknown. Corpuscles of Vater are also occasionally 
found. 

COTTER'S GLANDS. 
Cowper's glands are two small, compound, saccular 

or racemose glands lying beneath the membranous 
urethra. The acini are lined by a single layer of short 
columnar cells. 

QUESTIONS FOR CHAPTEK X. 

215. What type of glaiia ia the teHtiole ? 

216. What ia the tunica albuginea? 

217. What ia the mediaBtinuni ? 

SIS. Into what is the tnnica albnginea divided ? 

219. Deaoribe the lobnles. 

220. Dettcribe the oourae of the Bemiiiiferous tnbalea from their 
beginning to the ejaculatory duct. 

231. What are the three portions ol the Mmiiiiferoos tnbules 

222. Describe the stmotnre of a seminiferous tubule. 

223. What nre the Biifltentooularoella? 

224. Wliut are the sperniatogeaetic cells? mother cells? daughter 
oelifl? Bpeniiatohlasta? 

335. Describe the spermatozoa. 

336. What are the interatitial cells of the testicle? 

227. Besorlbe the voaa rectia; the tobb efferentia; the epididy- 
mifi; the vas deferens. 

^3B. Deaoribe the vesioulaa serainalia and the ejaculatory duct. 

229. Give the coursu of the blood-vessels in the testicle j of the 
lymphatics; of the nerves. 
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230. Deeoribe the penis. 

231. Give the general stmctnres oomposing the penis. 

232. What are the glands of Tyson? 

233. What is the character of the covering of the penis? of the 
glans? 

234. What is the tnnica albnginea? 

235. What are the corpora cavernosa ? What is the corpus spon- 
giosam? 

236. Describe the structure of each. 

237. Give the blood distribution of the penis. What are the 
helioene arteries? 

238. Describe the lymphatics and nerves of the penis. 

239. What type of gland is the prostate ? 

240. Describe its general arrangement. 

241. What are the prostatic concretions? 

242. Give the blood supply; the lymphatic and nerve supply. 

243. Describe Gowper's glands. 
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THE FEMALE GENERATIVE ORGANS. 
THE OVARY. 

The ovaries are small alniDnd-Hhaped iiiassew attached 
to the posterior surface of tbe broad ligament. They 
are covered by two layers of tissue. The first is a 
modified reflectiou of the peritoneum, containing a single 
layer of cohimnar epithelial cells, called the germinal 
epithelium. The second layer is composed of fibrous 
tisBUe, and is called the tunica albuginea. In the 
germinal epithelium, more especially in the fetus, occa- 
sional lai^, clear, ovoid cells containing a prominent 
nucleolus are found. These are the primordial ova, 
and are the cells from which tlie ova are developed. 

The substance of the ovary is divided into a cortical 
and a medullary portion, which merge ini^jerceptibly 
into one another. 

Beneath the tunicaalbuginca is the ovarian stroma, 
which consists of a peculiar fibrous tissne containing 
many long spindle-shaped cells arranged irregularly. 

Embedded in the stroma of tlie cortex lie a large 
number (36,000) of Graafian follicles. These differ 
in size and appearance according to their stitge of devel- 
opment 

The immaiure follicles are produced by a downgrowth 
of the germinal epithelium surrounding one of the pri- 
mortlial ova. This downgrowth is cut off from the sur- 
face by the growing-in of the stroma and leaving 
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the ovum surrounded by a granular layer of cells of 
greater or less thickness according to the stage of devel- 
opmeiit, These in turn are stirriituided by a slightly 
denser concentric arrangement of ttie spindle-shaped 
cells of the stroma. 

The vudure Graafian JoOidra are much larger in size, 
mea^turing from 4 to 8 mm. in diameter. 

They are bounded externally by a denser layer of the 
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stroma, called thecafolllcuti, in which two layers may 
be dbtinguished. The outer layer, or tunica externa, 
IB more 6broua and contains the lai^T blood-vessels. 
The inner coat, or tunica interna, is more cellular in 
character and contains sinaller blood-vessels and cjipU- 
Jaries. 
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Inside of tlie theca folliculi is a granular layer of 
cells derived originally from tlie germinal epithelinm, 
and called stratum granulosum. 

At some point the cells of the stratum granulosum 
are heaped up, iiirmiug a mass called the discus pro- 
ligerus, or cumulus ovigerus, i\iv inner layer of which 
is arranged i-adially, and called the corona radiata, 
which iu turn surruimds a delicate radially striated 
membrane, the zona pellucida. 

The centers of the follicles contain a cavity bounded 
by the stnitum granulosa and containing a clear fluid, 
called the liquor folliculi. 

The ovum lies withiu the zona pellucida, and is 
bounded by a tliin, transparent membrane, called the 
vitelline membrane. Withiu this is a granular masB, 
called the vitellus. Situated excentrically in tlie vitel- 
his is the germinal vesicle, which is bounded exter- 
nally by a delicate wall, contains many chromatin fibers, 
and a small body, resembling a nucleolus, called the 
germinal spot. 

Graafian follicles of all degrees of development 
between the immature and fiilly matured may be 
found. 

When a follicle is ripe, the Htjuor folliculi distends 
it until it ruptures at the surface of the ovary and the 
ovum is discharged with a portion of the discus pro- 
ligems adherent. 

The wounds in the surface thus formed are healed up 
by a multiplication of the cells of the stratum granu- 
losum, forming large polyhedral cells, between which 
fibers from the stroma carrying capillaries penetrate. 
The mass thereby produced is yellowish in color, and 
is called the corpus luteum. This varies in size and 
development accordingly as pregnancy has taken place 
or not. If pregnancy has occurred, the nuias is called 
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a true corpus luteuin ; if not, the development will 
be much les», and a false corpus luteum results. 

The blood-supply of the ovary enters at its attach- 
ment to the broad ligament and proceeds to the medulla, 
whence branches are given off to the stroma, forming a 
capillary network in the theca folliculi. 

The lymphatics are motit numerous in the medulla, 
but also occur in the cortex and theca IbllicuH. 

Botl) medullftted and nonmedullated iier\'e-&bers 
occur, first penetrating to the medulla, from which fine 
branches are distributed to the cortex and follicles. 

THE PAROVARIUM. 
The paroTarium, epobphoron, or orgaji of Rosen- 
miiller, as it is variously termed, is the remains of a 
fetal structure called the Wolffian duct. It is situ- 
ated in the broad ligament, between the ovary and the 
Fallopian tube. In structure it is found to contain a 
number of small converging tubes leading to a larger 
transverse tube, all of which are lined by short oolumnar 
epithelial cells, some of which are found in the lumina 
of the tubules. 

THE FALLOPIAN TUBES. 
The Fallopiao tubes, or oviducts, have three 
coata — an outer Jibroacroii^, a middle muscular, and an 
inner mucous. 

The outer or fibroserous consists of a reflection of the 
peritoneum, being covered externally by a layer of flat 
endothelium, supported by a layer of fibrous tissue con- 
L taining many fibers of smooth muscle. 
H The muscular coat has two layers — an outer longi- 

H tudinal and an inner circular, the tatter being much the 
B larger. 
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THE UTERUS. 



The mucous coat lias a we!l-clevelo|ie(l membrana 
propria, which is very mudi plicated, giviuj; a transverse 
section of the lumen a very irregtikr outline. This is 
lined by a. single layer ol' ciliatod Cdluiniiar epithelium. 




THE UTERUS. 

The uterus also contains three coats — an outer 
seroHJi, a niidille muscular, and an inner epithdia/. 

The serous coat consists of a layer of peritoneum, 
being ciivered by a layer of endothelial cells which rests 
upon a layer of fibrous tissue. 

The muscular coat constitutes the bulk of the organ, 
and may, with difficulty, be divided into three layers of 
smooth fibers, the outer layer of which runs mostly 
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longitudinaliy, the middle layer mostly circularly, and 
the iuner kyer obliquely longitudinally. 

In all tile coats, however, many fibers are fouud at 
all angles to the general trend. 

The epithelial coat contains a single layer of ciliated 
columnar epithelial cells, which rests upon a tliin base- i 
ment membrane, a true aubmucosa being absent. 

Scattered throughout the epithelial coat are the 




nioutlis of wavy, branched tubular glands, the uterine 
glands, which are lined by a single layer of ciliated 
cells resting on a slight basement membrane. These 
glands, owing to the absence of the aubniucosa, extend 
to the muscular coat. 

The lower half of the cervix is lined with stratified 
squamous epithelium, which is thrown into longitudi- 
nal folds, and in cross-aeetion resembles [wpillie. Herej 
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also, short mucous crypts OMur, which occaeionally 
become occhitiixl and form retention cysts, called the 
ovuls Nabothi. 

Tlie blood-vessels penetrate the serous coat to the 
muscular, where they brauch, sending some of their 
branches to the internal coat, there encircling the uter- 
ine glands and epithelium in a network of eapillariey. 
In the middle coat large tbin-walled blood-spaces 
occur between the fasciculi of muscular tissue. 

The lymphatics form a network beneath the epi- 
thelial coat, unite with slightly larger vessels in the 
muscular coat, and empty into the large vessels of the 
serous coat. 

Medullated and nonmedutlated nerve-jibera occur in 
the muscular coat, sending fine branches to the epi- 
thelial surface. Along the course of the nonmedullated 
fibers small ganglia sometimes occur. 



THE VAGINA. 

The vagina has three coats — external jUirom, middle 
muHCiJai', and inner mucous. 

The fibrous coat is well developed, and contains 
many fibers of yellow elastic tissue scattered through 
the main bulk of white fibers. 

The muscular coat consists of an outer lonffiiudimd 
and an hirier cii-ciifar layer of smooth muscle, the 
boundaries of which are ill defined. 

The mucous coat consists of a well-developed mem- 
brana propria, studded with leukocytes, which is 
thrown into frequent ridges (the rugce) and projections 
(papi&E). This is covered by a deep layer of etrati/ied 
epithflium the outer layers of which are squamous. 

The blood-vessels run near the outer surface of the 
membrana propria, from which situation smaller 
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branches are eent into the muscular tissue and to the ] 
under surface of the epithelium. 

Betweeu the muscular and mucous coats the veiiie | 
are arranged in a complex network, giving to the part 
slight erectile properties. 

The iymphiitics in the mucosa empty into those of 
the muscular coat, and these in turn communicate with 
those of the fihrous coat. 

Medullated aud nonnieilullatwl nerve-fibers, ganglia 
and special nerve-endings (the genital end-bulbs, or 
the genital corpuscles of Krause) occur in the mucosa. 

The labia majora are covered witli stratified epithe- 
lium, the deep layers of which are more or less pig- 
mented. Hair follicles, sweat-glands, and sebaoeous 
follicles are numerous. Beneath the epithelium is a 
loose areolar tissue containing much fat and some muscu- 
lar and ela.stic fibers. 

The labia minora are covered with stratified epi- 
thelium, which contains neither fat, hair follicles, nor 
sweat-glands. The subepithelial tissue is loose in tex- 
ture aud contains many large blood-spaees, making the 
tissue moderately erectile. 

Medullated and uoumedullated nerves and genital 
corpuscles occur. 

The clitoris consists of two masses of erectile tissue ' 
(the corpora cavernosa) inclosed in a sheath of fibrous 
tissue and covered externally by stratified epithelium.. 
Oenital corpuscles are numerous. 

The glands of Bartholin are small racemaxe 
glands lying at cither side of the beginning of the 
vagina. They are lined With clear mucous cells, which 
dischar^ their secretions through a tube lined with 
short columnar epithelium. 



THE MAMMARY GLANDS. 



THE MAMMARY GLANDS. 
The mammary glands ifl complex tubidar frlands, 
the several lobti (it whidi im Iteki tof^tther by fibrous 
tissue and tat, aiid empt) side bj aide through the 
luppk The acini are lined bj a 'Single layer of gran- 
ular, jKjljhcdril epithelial cells, ^huh rtats upon a dia- 
tinot iiiinibruiia prujina An in other glands, the 
acini are grouped into lobules and then into lobes, all 
of which are surrounded by a greater or less amount 
of fibrous tissue according to tlitir si^e 




During la tat n tl pill It a n to con- 

tain numerous d opl t. f 1 n tl ul tan e. More 
or less o 1 II I'M) b f u 1 tl n n 

The blood vessels n n h tw eu the 1 hul s and send 
branches nt tl fib u tusue wh h i reak up into 
capillar\ n t k round ng th a n 

The gland is well supplied with lymphatics, which 
occur both in the subcutaneous tissue and in the inter- 
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acinous fibrous tissue and conimun!cat€ with the glands 
of the axilla. 

The milk consists of a clear fluid, suspended in 
which are immense numbers of oil droplets, together 
with some granular matter from tlie cells lining the 
acini and tuhules. 

During the first few days of lactation certain large, 
granular, fatty, highly refracting bodies occur, which 
have received the name of colostrum corpuscles. 




QUESTIONS FOR CHAPTER XI. 
344. Deaoribe the general ohaiacteristica of tlie ovary. 

245. What is the germinal epithelium ? tlie primordial ova ? 

246. What ia the tunica albuginea? 

247. What ia the ovarian stroma? 

248. What are the Graafian (ollieles ? Where do they originate ? 

249. Give the stnictnre of the mature Graafian follicle, 

550. Describe a corpus Intenm. 

551. Describe the oynm. 

252. Name the layers of the Graafian follicle and ovum iu their 
seqneDoe. 
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253. Describe the blood-supply of the ovtun; the lymphatic; the 
nerve. 

254. Describe the parovarium. 

255. Describe the Fallopian tube; give its structure. 

256. Name the coats of the uterus. Describe each. ■ 

257. Describe the uterine glands. 

258. Describe the cervix. 

259. What are the ovulae Nabothi ? 

260. Describe the blood distribution of the uterus; the lym- 
phatics; the nerves. 

261. Name the coats of the vagina. Describe each. 

262. Give the blood-, lymph-, and nerve-supply. 

263. Describe the labia majora, the labia minora, and the 
clitoris. 

264. What are the glands of Bartholin ? 

265. What type of glands are the mammary glands ? 

266. Describe them. 

267. Give their blood- and lymphatic supply. 

268. Describe the milk. 

269. What are colostrum corpuscles? 



CHAPTER XII. 

THE RESPIRATORY SYSTEM* 

The larynx is lined with stratified ciliated epithe- 
lium, resting on a thin membrana propria of fibro- 
elastic tissue. Beneath this is the submucosa of 
fibrous tissue, which contains numerous branched tubu- 
lar glands communicating with the surface. In the 
external portion of the submucosa are the cartilages of 
the larynx. Those of the thyroid, cricoid, and arytenoid 
are of the hyaline variety, the epiglottis and the carti- 
lages of Wrisberg and Santorini being of the yellow, 
elastic variety. 

The trachea is lined with stratified ciliated columnar 
epithelium resting upon a tunica propria. Numerous 
small racemose glands dip down from the surface into the 
submucosa below. The submucosa is surrounded by 
the fibrous coat, embedded in which are a number of 
C-shaped plates of hyaline cartilage, which surround 
the trachea on all sides except at its juncture with the 
esophagus, and which serve to keep the tubes open. 
External to the cartilage is a slight layer of circular, 
smooth muscle. 

The larger bronchi continue the structure of the 
trachea, dividing repeatedly until the smaller tubes are 
reached, when the cartilage rings become smaller and 
smaller, until they entirely disappear. The epithelium 
is reduced to a single layer and the muscular coat be- 
comes relatively better developed. 

154 



THE LUNGS. 

The smaller bronchi divide until the terminal 

bronchi are readied, the diameter of each of which is 

iiliiitil. I tiiiu, ( ,'-. iimh). These, again, branch to form 




' tubules, the alveolar ducts, which open into 
dilated pouches, called the Infundibula, fVom which 
again a number of air-sacs or alveoli upeu. 
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The alveolar ducts are lined with nonciliated low 1 
columnar cells lying oa thin, fibrous, elastic basement. J 
membrane. 

The alveoli are lined with a single layer of epithe- 

The groups of acini belonging to a terminal bronchns 1 
are united to a number of similar gixjups by fibro-elastio -1 
tissue to furni u tobule. 




Tig. es.— Diagram uf lironelilal leriuiuotigns: n, Smaller bronchna; b, ■ 
mlDslljroDGtiuB; c. alveolar duct: d, ooDBlrkliun, ur iicik ; t. Bi>ace-or lnl__ 
dlbulum outlined hf dniled linea ; /, Inruudibula; a. ciliated coluiunar eelli lln- 
liiBnnallhruticUua; A, DoDclllatedcoluDiaBi cells IlninE alieolar duoti; <, flat 



Numeroua lobules are similarly united to form the 
lobes, the external surface of which are covered by a ' 
serous membrane, the pleura. 

The blood-vessels follow the course of the bronchi, 
dividing into a capillary network in the alveolar walls 
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ti auiround the al^poli with a \erj complete network. 
It la 111 tliese capillaries tli it the oxidation of tlie blood 
takes pldCL, the gaees haviug to traverse onl> the capil- 
lary wall dii extremely wiiall amount of fibro-elastic 
tissue, and the thin epithebal huing of the ah eoli The 
veins return by the side of their respective arttnes 




Other small branches from the arteries occur which 
serve entirely to supply nutrition to the tissue. 

The lymphatics form three systems : tlie Jirst is 
found in the connective tisane beneath the pleura and 
communicates witli the pleural cavity. 

The second accompany the blood-vessels between the 
lobules. 
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The third begin under the epithelium of the bronchi, 
follow the blood-vessels to the root of the lung, where 
they unite with the previous two systems and pass into 
the bronchial glands. 

Numerous masHes of diffuse adenoid tissue occur in 



I 




^f are 



the submncosa of the trachea and bronchi, and small 
nodes occur especially near their bifurcations. 

Both meduUated and nonraedullated nerve-fibers 
are found followiug the course of the blood-vessels and 
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lymphatic vessels. The termination of the fibers in 
unknown. 

THE THYROID. 
The thyroid is a compminrl tubular gland, the 
excretory ducts nf which are closed. It falls within the 
classification of " ductless glands " It is surrounded 
by a capsule of fibrous tissue, which penetrates the 
body oi the oi^n, dividing it into irregular lobules. 




The acini are lined with short, columnar epithelium, 
resting upon a well-marked basement membrane. The 
lumen of tlie acini contain epithelial cells, leukocytes, 
granular matter, and occasional red blood-corpuscles, 
held tc^etber by a yellowish, gelatinous moss of colloid 
substance. 

The blood-vessels enter the fibrous tissue between the 
lobules, and send rich capillary network to surround 
the acini. 
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The lymphatics are quite numerous, being found in 
the connective tissue of the capsule and between the 
lobules. 

QUESTIONS FOR CHAPTER XH. 

270. Describe the structure of the larynx. 

271. Describe the structure of the trachea. 

272. Describe the general structure of the air-passages. 

273. Wha^ is the structure of the alveoli ? 

274. What structures separat-e the air from the blood in the 
alveolar capillaries? 

275. Describe the blood-supply of the lungs, the lymphatics, 
and the nerve-supply. 

276. What type of gland is the thyroid ? Describe its structure. 

277. What substance is found in its acini ? 

278. Describe its blood-vessels and lymphatics. 



CHAPTER XIIL 



THE CUTANEOUS SYSTEM. 

The cutaneous system embniuus the skiu, nails, I 
hair, and glaiidw. Tlie teeth are also aoiiietinies in- I 
cliided, but huve bfjen described with the digestive 
ayatem. 

THE SKIN. 

The skin ixiusists of two distinct portiona — the 
euticlef epidenm, or fahe skin, and tlic cor-itim, cuiis J 
v&-a, or true skhi. 

Tlie epidermis is tlie more external of tlie two, and I 
consists of several layers of epithelial cells, varying 
much in thickness in different locations. 

Tiie innermost liiyer of these cells (the Stratum , 
Malpighli, or rete mucosum) rests upon the Irregu- 
larly projecting papillie of the coriuni and cousiats of 
two or three layers of columnar cells. These cells are 
in rapid pi-ocess of growth and multiplication, which ia 
indicated by their darkly and easily staining. In the 
colored races, and in some sitiiutions in the wliite, these \ 
cells are found to nintaiu pigment, to which tlie color | 
of the skin is due. 

External to these cells a layer of irregnlarly poly- 
hedral cells connected with each other by minute spines 
is found, called the prickle cells. Outside of these a . 
narrow layer of flattened polyhedral cells contiiining 
many granules of eleidin occur, called the stratum 
granulosum. 
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Above this is a narrow layer of still flatter polyhe- 
dral ci'lls wbich are lai^Jy tranHformud into keratin, 
the iiuclei showiug very indlstiiK^ly (tlie stiatum 
liuddum). 




2. 



etratum Malpigfaii; I 



External to this and more superficial is the stratum 
corneum, consistiug of scjuamous plates of hardened 
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keratinized epithelial cells, which have entirely loat the 
appearance of ever having been nucleated. 

The corium consists of two layera of fibro-elastic 
tissue ; the external, fl stratum papiliie, is quite dense 
and at its upper surface projects into the epidermis as 
papillffi, the upper surface of which ooutains the tactile 
iierve-oi^na. The internal layer, or stratum reticu- 
lare, is much looser in texture and merges gradually 
into the underlying tissues. 

THE SEBACEOUS GLANDS. 

Till' sebaceous glands are small racemose glands, 
situated in the corium, their excretory ducts disoliarg- 
ing into the hair follicles, or from the free surface of 
the skin in localities where hair is absent. 

The acini are lined by one or two layers of cuboid 
epithelial cells, the himen being fiUetl with a mass of 
degenerated cells, granular detritus, and a fiitty, waxy 
secretion of the cells. 

THE SWEAT-GLANDS. 

The sweat-glands, or sudoriferous glands, are 
coiled, tubular glands which occur in great numbers 
(2,000,000) throughout the skin. The deeper portions 
of the glands lie in the stratum reticularc as a, round- 
ish, coiled mass, the excretory duct being straighter. 
The gland tubules consist of a single layer of pyra- 
midal columuur cells resting upon a distinct basement 
membrane. lu many of the glands, especially those 
of larger size, a more or less complete layer of smooth 
muscle exists between the cells and basement mem- 
brane. 

The excretory duct is slightly smaller in size and 
lined with low cuboid cells up to the epidermis, where 
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tlie toui-sL' of the tubule becomes more spiral, its walls 
Ixdiig tbriiiod by tLe epithelial cells until it terminattsa 
in a fuunel-shaped expausiou at the surface. 





The hair is derived from the skin, and consists of 
two divisions — ^that within tlie skin called the root, and J 
that external to the skin, the nlmji. 



THE HAIE. 



IGS 



The root Iiea embedded in a dee]) depre'^sion cdUed 
tlie hair follicle 

The shaft consnts of tliiee lajers — the cuitde, corb- 
cxd and medulla all of which art composed of more or 
less modified epithelial cells 




Ffg. 74.— Crots-ieotion at haii 



>' nf fnner mnt shei 



Tlie cuticle is the outermost covering, and oonsUta 
of a single layer of liomy, nonniicleated cells wliicli 
overlap one another like shingles. 

The cortical or middle layer is the thickest, and is 
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composed of many strata of greatly elongated, indis- 
tinctly nucleated, horny epithelial cells, which are very 
intimately united with one another. 

These cells become broader and shorter in the root, 
where, not having become entirely altered, they resem- 
ble the cells of the stratum mucosum. 

Scattered through the cortical portion is a greater or 
less amount of pigment upon which depends the color 
of the hair. 

The medulla or pith is often absent, but when 
present, lies in the center of the hair fiber. It consists 
of two or three columns of cuboid cells which are 
usually filled with minute air-spaces, which give the 
medulla a silvery appeamnce when viewed by reflected 
light, but by transmitted light it appears black. 

The hair follicle is a flask-shaped depression of the 
epidermis which extends down into the corium or sub- 
cutaneous tissue, according to the size of the hair, is 
surrounded by a fibrous sheath from the corium, and 
tightly encircles the hair root. 

At the bottom of the follicle a small projection of the 
fibrous sheath (the hair papilla) extends a short dis- 
tance into the hair bulb, carrying with it blood-vessels 
and pigment cells. 

The outermost coat of the follicle is the fibrous 
sheath, which is derived from the corium, and consists 
of three layers — ^the outer longitudinal, the middle 
circulavy the inner glassy or hyaline layer, a delicate 
structureless membrane upon which the epithelium of 
the middle coat rests. 

The middle coat of the follicle is called the outer 
root sheath. It consists of a number (8 to 10) of rows 
of cells directly continuous with those from the rete 
mucosum of the epidermis. The outer cells are colum- 
nar ; those more internal become polyhedral. 



THE NAltS. 

The inner coat is called the inner root sheath, a 
consists of two layers. Tlie oiikT of these is called 
Henle^s layer, and is composed i>f a layer of elongated, 
non nucleated, granular polyhedral eel la. The inner , 
layer is called Hiixte^s layer, and is composed of one j 
or two layers of polyhedral cells coutaining granules of [ 
eleidin and small nuclei. The inner cells of Huxley's 
layer rests directly upon tlie cuticle of the hair root. 

The anrectores pllorum are small bundle»:< of smooth 1 
mus(!le-fil>ers which extend from the fibrous coat of the \ 
hair follicles to the upper surface of tlie corinui. 

The contraction of tJiese musclcw raises the liair from 
an oblique to a vei-tical position. 



THE NAILS. 

The nails consist of three iTOvtioris — the root, the 
Ixxly, and the free, margin. 

The nail groove surrounds the root and sides of the 
body, the free margin projecting beyond the finger tips. ' 

The floor of the nail gnxive u|>on which the body 
rests is called the nail bed, that portion yup|«)rting the 1 
root being called the matrix. 

The nail groove has the same structure as the skin, 

The nail hetl consists of a |)rolongation of the corium, 
the upper surface of which is thrown into longitudinal 
ridges (instead of papillte, as in the skin) that are 
covered by a number of layers of epithelial cells, 
sembling anti continuous with the stratum Malpighii of 
tlie skin. 

The nail la virtually a greatly hypertrophied stratum ' 
lucifhim which is formed only above the matrix and 
pushed forward as the cells of the matrix multiply. 
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QUESTIONS FOR CHAPTER XIII. 

279. What does the ciitaneoiis system embrace ? 

280. Name the two portions of the skin. 

281. Describe the stratum Malpighii. 

282. What are prickle cells? 

283. Describe the stratnm granulosum. 

284. Describe the stratnm lucidum ; stratum comeum. 
285 Describe the corinm. 

286. What are the papillae? 

287. Describe the sebaceous gland. 

288. Describe the sweat-gland. 

289. Name the divisions of the hair. 

290. Describe the shaft. Describe each layer separately. 

291. What layers compose the hair follicles? Describe each 
separately. 

292. What are the arrectores pilorum ? 

293. Name the three portions of the nails. 

294. Describe the nail groove, the nail bed, and the matrix. 



CHAPTER XIV. 
THE EYE. 

The eye conaiats of this anterior and the posterior 
chambers, which arE! Beparated by the iris and lem. 

The anterior chamber is limited in front and at the 
sidea by the transpareot cornea ; posteriorly by the iris 
and lens. 

The posterior chamber is surrounded by the retina, 
the choroid, and the sclera, 

The retina covers tJie posterior portion of the inner 
Burfaee of the eye and extends nearly to the ciliary 
body, where it tcrminateH in a rsi^ed edge, called the 
ora serrata. In the center of the retina, posteriorly, is 
an elevated spot, the macula lutea, in the center of 
which is a slight dcpreaaion, called fovea centralis. 

The choroid surrounds the retina externally, is 
pierced centrally by the optic nerve in its pasHagc to the 
retina, and tenninates in front in the ciliary procees and 
iris. 

The sclera is continuous posteriorly with the sheath 
of the optic nerve, passes forward, and joins the cornea 
near the latitude of the iris. Jnst before its junction 
with the cornea it is joined by a reflection of the eon- 
jundtva, the epithelium of which becomes modified and 
continues over the remaining anterior portion of the 
sclera and the entire cornea, 

The lens is a biconvex, transparent body, situated 
immediately behind and in contact with the iris, and is 
held in position by the suspensory ligaments which are 
attached to the ciliary body. 
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The anterior chamber is filled with a clear fluiil, 
the aqueous humor. 

The pasterior ehamber contains a thiii, transparent, 
jelly-like siibstauw', called the vitreous humor. 




The cornea contains five layers, which, named from 
without inward, are tlie anterior epithelium, the ante- 
rior limiting membrane, the substantia propria, the 
posterior limiting membrane, and the posterior endothe- 
iium. 
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The anterior epithelium is a stratiiipi! epithelium, 
the innermost cells of which are cuboid, becoming flat^ 
ter as they progress outward uutil the outer layers are 
squamous. 

The anterior limiting membrane, anterior elastic 
lamina, or membrane of Bowman, is a mo«Ierately 
thick basement membrane, consisting of specialized 
fibrous tissue. 

The substantia propria constitutes the main bulkuf 



the cornea, and is composed of obliquely arranged bun- 
dles of fibrous tissue, which are bound together by 
clear cement substance (interfibrillar cement substance) 
and a few white fibers, which are called the fibrae 



Between the fiber bundles and in the cement sub- 
stance lie largo numbers of irr^ular stellate lymph- 
spaces (the /(K^(iwr, or eomenl spaces'), which are joined 
by a network of small canaliculi. lu these spaces, 
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and following their general outline, lie the corTieal oor^ 
pusdeSy which unite by their stellate processes. 

The posterior limitins^ membrane, posterior elastic 
lamina, or I>escemet's membrane, is a thin, clear 
membrane, resembling the anterior limiting membrane. 

The posterior endothelium, or I>escemet's endothe- 
lium, consists of a single layer of flat endothelial cells, 
resting directly on the posterior elastic lamina. 

After birth, the cornea contains no blood-vessels 
excepting in a narrow zone (the limbus), just at its 
periphery. 

Lymphatic spaces occur in the lacunae and canaliculi, 
and also around the large nerves. 

The nerves are branches of the ciliary nerves, enter 
the substantia propria as meduUated fibers, which at once 
lose their medullary sheath and form a network beneath 
the anterior epithelium, called the subepithelial plexus, 
which send still finer branches between the epithelial 
cells, called the intra-epithelial plexus. A few 
branches are also sent into the posterior portion of the 
substantia propria. 

THE RETINA^ 

The retina may be divided structurally into three 
parts — the retina proper, the macula lutea with the 
fovea centralis, and the ora serrata. 

The retina proper contains ten layers. Named from 
within (in contact with the vitreous humor) outward 
(to the choroid coat), they are — 

1. Internal limiting membrane. 

2. Layer of nerve-fibers. 

3. Layer of ganglion cells. 

4. The inner molecular, granular, or reticular layer. 

5. Inner nuclear layer. 

6. Outer molecular, granular, or reticular layer. 
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, Outer nuclciir layer. 

. E.tternal limiting membrane. 

. Layer of rods and cones, 

. Pigment layer, pigmented epithelium of the 





wu 



ib., 
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retina, or the tapetlira nigrum (forming also the iuucr 
coat of the chon)id). 

The radiating fibers of Miiller are liirgc, very 
irregular columnar fibers, which are arranged vertically 
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to the inner surface of tlie retina, and eorve txi form 
neuroglia fRimework for tfie supjMrt i»f the t- 
laycra which they transverse. They extend from thel 
internal limiting membrane through all the varioual 




Olmsted basea of | 
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layers to tlie iimer side of the layer of roils and conea, 
tlie iiitenml ends of which tliey envelop. 

Ill character tliey are greatly niodifittl, enlarged, and 
elongated epithelial cells, each fiber having an oval 
nucleus at about the level of the inner nuclear layer. 

The internal limiting membrane is a thin layer of 
apjtarently structureless tissue which is ibrmed by the 
iKises of the fibers of Miiller joinmg for a short dis- 
tance. 

The nerve-fiber layer is composed of numbers of 
naked axis-cylinder fibers, the radiating continuations 
of the fibers of the optic nerve. These fibers, after 
niiiuing a varying distance in the nerve-fiber layer, 
turn upward nearly at right angles and enter the layer 
of ganglion cells. The layer of ganglion cells contains 
usually a single layer of lai^' ganglion cells whose 
axis-cylinders are contuiuous with the fibers of the 
nerve-fiber layer. The outer sides of the cell give off 
dendritic procoascs, wliich branch and extend into tlie 
inner molecular layer. 

The inner molecular layer consists of a tangled 
fibrillar mass of neuroglia tissue from the fibers of 
Mailer, intcrsjjersed with the processes of the nerve- 
cells in the ganglion layer and the inner nuclear layer. 

The inner nuclear layer contains some branches 
from and the nuclei of the fibers of Miiller, together 
with three types of nerve-cell and their processes. 

The inner layer of these nerve-cells is multipolar, 
sending its processes into the inner molecular layer. 

The second type of cell is arranged in several 
layers and sends its processes into both the inner and 
outer molecular layers. 

The external layer of nerve-cells is composed of 
stellate ganglion ct-lls (that have been called spODfpo- 
blasts or amacriucs) ; they send axis-oylinder pro 
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into the inner molecular layer and protoplasmic pro- 
cesses into the outer molecular layer. 

The outer molecular layer is composed of the neu- 
roglia and nerve-cell processes, between which are situ- 
ated a few ganglion cells (the subepithelial ganglion 
cells), some of which lie horizontally, their axis-cylin- 
der fibers running in the same direction and ending in 
arborizations beneath the rods and cones, and their pro- 
toplasmic fibers stopping at the outer nuclear layer, the 
other cells lying vertically and sending processes down 
into the inner nuclear layer. 

The outer nuclear layer contains a clear matrix, 
mostly derived from the outer terminations of the fibers 
of Miiller, embedded in which are the inner ends of the 
rods and cones with their nuclei. 

The external limitins^ membrane is a thin mem* 
brane derived from the matrix of the outer nuclear 
layer, and is pierced by the cells of the rods and cones. 

The layer of rods and cones contains, as its name 
implies, two types of cell, which extend from the outer 
or pigmented epithelial layer through the internal 
limiting membrane, and constitute part of the outer 
nuclear layer. 

The rods and cones are neuro-epithelial cells, and are 
called the visual cells. 

They occur alternating irregularly, being present in 
the proportion of about three or four rods for each 
cone. 

The rod cells consist of two portions — an outer and 
inner. The outer portion occupies the true layer of 
rods and cones, and is subdivided into two portions. 
The outer subdivision is a homogeneous cylindric rod, 
which is colored a purplish tint by a substance called 
the visual purple, or rhodopsin, which soon becomes 
bleached upon being exposed to the light. 
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The inner subdivisioD is slightly enlarged, aud is 
longitudinally striated at its outer margin, becoming 
granular near the outer limiting membrane. 

As the roil cell passes through the outer limiting 
membrane it rapidly narrows to a fine filament having 
an enlargement somewhere near tlie center containing 
the nucleus of the rod. Tbia portion of the rod lies in 
the outer nuclear layer, and constitutes the inner por- 
tion of the rod above mentioned. 

The cone cells, like the rods, penetrate the outer 
limiting membrane, and contain an outer portion in the 
true layer of rods and couea and an inner portion in the 
outer nuclear layer. 

The outer portion is likewise subdivided, the outer 
subdivision being shorter than the corre8]>onding [xir- 
tion of the rod cell, and is conical. The inner subdi- 
vision is slightly broader and finely striated. The outer 
portion internal to the limiting membrane rapidly nar- 
rows to a fine filament containing an enlargement and 
niiclens near the limiting membrane. 

The pigment layer consists of a single layer of 
large epithelial cellfJ, the outer half of which is clear 
and contains the nnclens. The inner half contains many 
black granules of a pigment called fueksin. 

The macula lutea tliiler from the retina proper in 
the following respects : (1) The layer of nerve-fibers is 
incomplete ; (2) the ganglion cells are very numerous 
and arranged in several layers ; (3) rod cells are ab- 
sent; (4) the entire structure is stained a distinct 
yellowish color. 

The fovea centralis is depreased until at it« fundus 
only the visual cone cells are left resting upon the pig- 
ment cells. 

The ora serrata is irregular in outline and becomes 
thinner abruptly. In it the nerve-fibers and ganglionic 
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layers are absent, the two molecular layers terminate 
and the fibers of Miiller become very prominent. 

The layer of pigment cells continues slightly modi- 
fied as the outer lamina and the remaining layers 
dwindle down to a layer of columnar cells forming the 
inner lamina of the pars ciliaris and the pars iridica 
retinae, which are recovered internally by a thin mem- 
brane or cuticle. 

The blood-supply is derived from the arteria cen- 
tralis retinae, which enters through the center of the 
optic nerve and branches out to form an inner broad 
network of capillaries in the nerve-fiber layer and a 
finer network in the inner nuclear layer. The neuro- 
epithelium is nonvascular and receives its nutrition from 
the vessels of the choroid coat. 



THE CHOROID* 

The choroid coat contains four layers. 

The first and most internal is the layer of pigment 
cells, which is common to both the choroid and the 
retina. 

The next is the glassy lamina, or vitreous mem- 
brane, an a})parently structureless, hyaline membrane 
upon which the pigment layer rests. 

External to this is the thin capillary layer, or 
choriocapillaris, consisting of a thin, fibrous stroma, 
containing a close, capillary network continuous with 
the terminal branches of the ciliary artery. 

The last layer is by far the thickest, and is called 
the stroma. It is composed of white, fibrous and yel- 
low, elastic fibers, between which are large numbers of 
branched, darkly pigmented cells, which give the coat 
its black appearance. This layer is very vascular, the 
outer portion containing large vessels. As the inner 



THE CHOROID. t7« 

portion of the layer is approached, the vessels become 
smaller in size ujitil, near the juuction of the chorio- 
capillaris, they are quite small, the Burroiiiidiug stroma 
being devoid of pigment cells and forming a thin 
boundary zone. 




A small nnmber of nonmedullated nerve-fibers are 
found Iwing dislributed to the blood-vessel walls. 

Small ]>erivascular lymph-spaces are occasionally 
seen around the veins of the stroma. 



SCLERA. 
The sclera contains three layers : 
The innermost consists of a layer of endothelial 
cells, which seiKirates it and the choroid. 

The middle layer constitutes the bulk of the coat, 
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and is composed of dense, white fibers and yellow, 
elastic fibers, supporting many fixed and wandering 
coimective-tissue cells. The innermost portion of this 
is somewhat looser in texture, contains numerous 
branched pigmented cells, and is called the lamina 
f usca scleras. This layer is also continuous, anteriorly, 
with the substantia propria of the cornea. 

The outer layer of the sclera is a layer of endothelial 
cells. 

A few small blood-vessels are present which present 
no characteristic distribution. 

Lymph-spaces communicating with one another 
occur surrounding the cells. 

Only a few naked axis-cylinders of nerve-fibers are 
found in the sclera. 



THE CILIARY BODY* 

The ciliary body lies on the inner surface of the 
eyeball, at the anterior portion of the posterior cham- 
ber. It may be divided into three portions — the ciliary 
ring, the ciliary processes, and the ciliary muscles. 

The ciliary ring is a continuation of the choroid 
coat, extending from a point below the ora serrata to 
the ciliary processes. It differs in structure from the 
choroid in containing numerous smooth muscle-fibers 
from the ciliary muscle, has but little elastic tissue, and 
the choriocapillaris is absent. 

The ciliary processes constitute the inner surface of 
the ciliary body, and consist of fibrous stroma which is 
thrown into a large number (60 to 80) of circular folds. 

These are covered internally by a thin, transparent 
membrane, continuous with the glassy lamina of the 
choroid. 

Internal to this is a row of darker pigmented cells, 



which, ill turn, are covered by a layer of columnar 
cells, internal to which is a thin, transparent, internal 
limiting membrane. All of these last three layers are 
continuous with the similar layers of the retina. 

The ciliary muscle lies external to the ciliary pro- 
cesses, and contains smooth muscular fibers, which are 
arranged in three directions, and whjch in contracting, 
change the form of the lens in the process of accommo- 
dation. 

The outer layer of fibers nin parallel to tlie Bclerd, 
and are called the meridional fibers. 

Below these, posteriorly and running at a sliglit angle, 
are the radial fibers. 

In front of the radial fibers a smaller number of 
fibers run circularly around the ciliary body. These 
are called the circular fibers. 

Lying in the sclera, about at the junction of the 
cornea, sclera, and ciliary bodies, is a small oval, 
venous channel, called the canal of Schlemm. 

The blood supply is not prominent, being distrib- 
uted chiefly to the ciliary muscle-fibers. 

A small ])k'xus of medullated verve-fherg ia found in 
the ciliary body, from which small branches pass to the 
eye and cornea. -A small number of ganglion cellsalso 



THE mis. 

The iris extends from the anterior edge of the ciliary 
body, between the anterior and posterior chambers of 
the eye. It consists of five layers — anterior endothelium, 
anterior boundary layer, vascular layer, posterior bound- 
ary layer, and pigment layer. 

The anterior endothelium is a single layer of flat, 
gramilar eudotlielial cells, which are continuous with 
the {MMterior cndotheliuui of the cornea. 
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The anterior boundary layer consists of meshworks 
of fibrous tissue, entangling large numbers of lymphoid 
cells, the whole resembling adenoid tissue. 

The vascular layer composes the main bulk of the 
iris, and is composed of loose fibrous tissue, in which 
lie a radiating plexus of arteries and two sets of smooth 
muscular fibers. JThe iris is surrounded by an artery 
(the drmdus iridia majo7*)y from which the above-men- 
tioned radiating plexus arises and converges to a 
smaller arterial ring at the margin of the pupil (the 
drculua iridia minor). 

The muscles are arranged in two sets. The inner 
forms a ring around the pupil, which it narrows upon 
contraction ; the other set is arranged radially and, upon 
contracting, serves to dilate the pupil. 

The posterior boundary layer, or vitreous lamellat 
consists of a thin structureless membrane, which seems 
to support the pigment cells. 

The pigment layer consists of the following layers : 
The anterior is a layer of spindle-shaped cells, which are 
arranged radially and are more or less pigmented. The 
middle layer is thicker, and consists of cells much 
more darkly pigmented, so that their outline is lost ; 
the amount of the pigment in this as well as that of the 
anterior layer depending upon the color of the eyes, 
being absent in albinos. 

The inner layers cuticular membrane, or membrana 
limitans iridisy is a very thin membrane. 

These layers of the pigment layer are continuous 
with the pigment layer of the ciliary processes. 

The nerves in the iris lose their medullary sheath, 
and are distributed to the circular and radiating mus- 



I cular fibers. 

I 



THE LENS. 

The lens is a traiisparent, biconvex structure which 
lies immediately behind the iris. 

It cooiista of a lenticular mass of lens fibers, covered 
on its aoterior aarface by the lens epithelium, the whole 




being surranuded by a capsule and retaiuwl in 
by the suspensory ligament. 

The capsule consists of a thin menibmne of elastic 
tissue, thicker in front than beliiud, into which the 
fibers of the sus[>ensory fibers merge. 
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The lens epithelium consists of a single layer of 
cuboid cells covering the anterior surface of the lens^ 
and lying just beneath the capsule. At the edge of 
the lens these cells become much elongated and merge 
into the lens fibers. 

The lens fibers constitute the bulk of the lens, and 
consist of long, clear, hexagonal fibers, extending from 
the edge to the center of the lens. The fibers are 
nucleated near the edge, the remainder being perfectly 
clear and transparent. They are held together by a 
clear cement substance, which is reinforced in the cen- 
tral zone, the fibers there being serrated by a dovetail- 
ing of the edges. As the fibers do not completely en- 
circle the lens, there are places where the ends of the 
fibers abut, which form the stellate areas called the 
lens stars. Two of these occur, the anterior and tlie 
posterior. 

The suspensory ligament, the zonula ciliaris, or 
zone of Zinn, consists of thin fibers which begin at the 
ora serrata (where they are continuous with the hyaloid 
membrane of the vitreous body) and, extending over 
the ciliary processes to which they are attached, pass to 
the lens. Just before reaching the lens the fibers sepa- 
rate, part going to the anterior portion of the edge and 
part to the posterior portion of the edge. In this way 
a small triangular space is left surrounding the lens 
and bounded by the two portions of the suspensory 
ligament. This space has been called the canal of 
Petit. 

THE AQUEOUS HUMOR. 

The aqueous humor consists of a clear fluid in 
which a few leukocytes may be found. 



THE EYELIDS. 



THE VITREOUS HUMOR. 
The vitreous humor ooiisisfs of a very looae net- 
work of delicate fibrils and branching cells, the meshes 
of which are greatly dilated by the clear jelly-like vit- 
reous substance. It is surrounded by a slightly denser 
membrane of fibrous tissue wliich, anteriorly, is con- 
tinnous with the suspensory ligament, and is called the 
hyaloid membrane. Occasional leukocytes are also 
found both in the hyaloid membrane and in the body 
of the vitreous. 

THE EYELIDS. 

The eyelids consist of five layers — the skin, mus- 
cular layer, median connective tissue, tarsal plate, and 
conjunctiva. 

The skin, with its subcutaneous tissue, has the same 
structure as elsewhere, being, however, quite thin. 

The muscular layer consists of irregular bundles of 
voluntary mnscle-fibers from the orbicularis palpebra- 
rum. 

The median connective-tissue layer consists of 
fibrous ti,s,yue, containing occasional smooth muscle fas- 
ciculie. 

The tarsal jilai^ consists of fibrous tissue much denser 
than the latter, embedded in which lie a number of 
long, compound tubular glands (the Meibomian gkmd»), 
which secrete a fatty substance just internal to the eye- 
lashes. 

The conjunctiva covers the inner surface of the eye- 
lid, and is reflected over upon the eyeball at a point 
near the corneoscleral junction. It is composed of a 
basement membrane covered by epithelium, which at 
the inner surface of the lid is stratified, colnmnar, and 
continuous with that of the skin. Near its junction 
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with the sclera the cells become flattened and continue 
over the cornea as the anterior epithelium. 



THE LACRIMAL GLANDS. 



The lacrimal glands are small racemose glands of 
the serous type, which are situated at the upper outer 
angle of the orbit. Their secretion is poured upon the 
surface of the conjunctiva by a number of small canals. 



QUESTIONS FOR CHAPTER XIV. 

295. Name the chambers of the eye. What separates them ? 

296. Give the bonndaries of the anterior chamber; of the pos- 
terior chamber. 

297. Describe the gross structure of the retina, of the choroid, 
of the sclera, of the lens, and of the cornea. 

298. Name the layers of the cornea. Describe each separately. 

299. Describe the lymphatic and nerve supply of the oomea. 

300. Name the three parts of the retina. 

301. Name the ten layers of the retina in their order. 

302. Describe each layer of the retina. 

303. What are the radiating fibers of MuUer ? 

304. Describe the macula lutea. 

305. Describe the fovea centralis. 

306. Describe the ora serrata. 

307. Describe the blood supply of the retina. 

308. Name the four coats of the choroid. Describe each sepa- 
rately. 

309. Describe the nerve, lymphatic, and blood supply. 

310. Name the three layers of the sclera. Describe each. 

311. What is the ciliary body? Describe its structure. 

312. What is the canal of Schlemm ? Give its location. 

313. What is the nerve and blood supply ? 

314. Name the five layers of the iris. Describe each. 

315. Give the general structure of the lens. 

316. What are the lens stars ? 
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317. Describe the suspensory ligaments. 

318. Describe the aqueons humor. 

319. Describe the vitreons humor. 

320. Name the layers of eyelids and describe each. 

321. Describe the lacrimal glands. 



CHAPTER XV. 

THEEAR* 

The ear may be divided into three portions — the 
external ear, the middle ear, and the internal ear. 

The external ear consists of the pinna, or auricle, and 
the auditory canal. 

The pinna, or auricle^ consists of a basis of yellow 
elastic cartilage, which is covered by the skin and its 
subcutaneous tissue. In the inner surface are found 
coiled tubular glands, which are modified sweat-glands, 
and secrete a waxy substance. These are call<id the 
ceruminous glands. 

The auditory canal is a little over an inch in length, 
extending inward to the tympanum. 

The outer half of the canal is composed of cartilage 
continuous with that of the pinna. The inner half is 
osseous in structure. The entire canal is lined with a 
thin stratified epithelium, containing a few hairs arid 
ceruminous glands near the outer portion of the canal. 

The middle ear includes the tympanum, the Eu- 
stachian tube, the mastoid cells, and the tympanic 
cavity, with the small ear bones, or ossicles. 

The tympanum consists of three layers. The external 
layer is a thin, stratified epithelium, continuous with the 
lining of the auditory canal. 

The middle layer is a thin membrane of white, fibrous 
tissue. 

The internal or mucous layer consists of a single layer 

188 
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of cuboid epitlielial cells, ooiitinuous with the liuiiig of 
the tympanic cavity, 

Bhod-vesseh, lympluUioi, and nerves are very numer- 
ous. 

The Eiidachian tube consists of three portiona The 
inner, opening into the tympanic cavity, has bouy walls ; 
the middle portion, yellow, elastic, cartilaginous walls ; 
and tlie portion opening into the phaiynx is fibrous. 




Fig. 81.— r-ingiludinal McHon of c 

t!i8gmnglionspiniiffi,ete. (aflarUrn^): 

t. Di., 9cb1h media; (. j., Ugamentum Bplmle; g.i., gnnglii'n stilnlB. 

The entire tube is lined by stratifieil, ciliated, columnar 
epithelium. 

The tympanic caviti/ and mastoid cells are lined by 
their periosteum, upon which is a thin layer of fibrous 
tissue supporting the epithelium. This and the mas- 
toid cells ami the promontory are flat, and but a single 
layer in thiclmees. Over the other portions of the 
cavity the epithelium la columnar-ciliated. 



The ossieUfi have the UBiial stnioture of compact bone, 
being covered at their articulations with hyaline carti- 
lage. 

The internal ear, or labyrinth, comprises tlie veeti- 
bule, gemicircular canaU, the ctx^blea, aud the mem- 
branous labyniLtli 

The vfMjule and sniMiniilar canals are lined by a 
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very thin fibroserous membrane, which secretes a thin 
fluid — the perilymph. 

The perilymph fills the space between the walls and 

the membranous labyrinth. 




THE COCHLEA. 

The memiimiiiius la/ii/i-mih lias three portions — the 
saccule, the utricle, and that portion in the semicircular 
caiiais. All, however, have a similar structure consisting 
of three layers. The outer is of fibro-clastic tissue, tlie 
middle layer a delicate boitement membrane, and the 
tuner a single layer of squamous epithelium. 

At certain areas marking the entrance of the auditory 
nerve-fibers the membrane is much tliiokeued, the epi- 
thelium covering these areas becoming columnar, until 
at the end of the nerve-fibers the neuro-epitheiinm is 
reached. These B|xita are called the maculae cribroEse 
in the saccules and utricles, and the cristee acusticte in 
the semicircular oanals. The ueuro-epithelium is of two 
kinds — fiber cells and hair cells. 

The Jibei- ceils are long, slightly hourglass-shaped 
elements, the bottom expansion being slightly larger 
than the upper. They have good-sized oval nuclei 
situated in the lower portion. These cells serve as 
supporting elements. 

The hair cdU are more cyliudric elements, situated 
between the fiber cells. They have a lai^ spheric 
nucleus, and their free surface is covered by long, deli- 
o-ate filaments, called the audiiory hnirs. The hair cells 
are the special endings of the auditory ner\'e. 

Upon the surface of the hair cells a gelatinous sub- 
stance is spread, in which are embedded numerous 
slightly elongated crystals of calcium carbonate, called 
the ofoliUu*, or ffir gl<me». 

The center of the membranous labyrinth is filled with 
a clear fluid, which is called tlie mdolymph. 

THE CCXHLEA. 
The cochlea consists of a small tube coiled spii-ally 
tivo and a half times around a central pillar (the 
mo<liohis). 
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The modiolus contains the fibers of the cochlear 
branches of the auditory nerve-fibers from which they 
pass into the spiral tube. 

The spiral tube contains a long spiral lamina^ which 
extends as a shelf from the modiolus to its center. 

From the free edge of this bony lamina a triangular 
duct (the membranous cochlea or ductus cochlearis) 
extends, its base being attached to the periphery of the 
bony tube. 

This arrangement constitutes virtually three tubes ; 
that above the bony lamina is called the scola vestibuliy 
that within the ductus cochlearis is called the scala 
media, that below is called the scald tympani. 

The membrane forming the boundary between the 
scala vestibuli and the scala media is called the mem- 
brane of Reissner*, or membrana vestibularis. That be- 
tween the scala tympani and the scala media has 
received the name of the membranous spiral lamina. 

The scalae vestibuli and the tympani are lined by 
the periosteum, which is considerably thickened at the 
periphery or point of attachment of the ductus coch- 
learis, and is called in this location the ligamefntunn 
spirale. 

The membrane of Reissner consists of three layers : 
that bounding the scala is of epithelium ; the middle 
layer is of thin fibrous tissue ; that layer lining the 
scala media is a single layer of squamous epithelium. 

The membranous spiral lamina also has three 
layers — the tympanic lamella, the basilar membrane, 
and the epithelium. 

The tympanic lamella forms part of the lining of 
the scala tympani, and consists of a dense layer of 
fibrous tissue, the outer surface of which is covered by 
fusiform cells of undeveloped mesoblastic nature. 

The basilar membrane forms the supporting por- 
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tion of the menibranoua sjuul lamina, ind is composed 
of fibrous tisaiie 

The epithelium co^erln{; the penpheral i«jrtiou of 
tlic spiral lannna \b flat and slightlj granular These 
celk are termed the cells of Claudius, and the area 
covered by them the zona pectinata 

At tliL inner portion the celk beioniL {;reatlv special- 
ized and form i ma'-s ealled the tyigmi of iorti, thearca 
covered by it being known ns the zona tci-ta 




The org'an of Corti consists of numerous arches of 
epitheliul cells, joined side by side to form a long tun- 
nel, which extends nearly tlie whole length of the 
cochlea. 

Several types of epithelial cells contribute to the 
formation of the oi^n. 

On either side of the arch proper, and really forming 
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t>art of it, are the pillar oilh. These are tall, narrow cells 
with expanded bases, and, according to their position, 
are known as outer or inner pillar cells. 

The inner cells are somewhat the shorter of the two 
and have a concave upper outer surface, into which the 
convex adjoining surface of the outer cell fits. The 
tunnel thus formed contains a clear, thick fluid, through 
which many nerve-fibers pass. 

Just internal to the inner pillar cells is a row of 
shorter, tailed columnar cells (one cell wide in each 
arch). These cells have a number of hair-like pro- 
;| jections on tlieir free end, and are called the inner 

hair cells. 

Still internal to these are a number of columnar cells 
which serve as inner sustentacular cells. 

External to the outer pillar cells three or four rows 
of hair cells occur, which resemble the inner hair cells, 
but are called the outer hair cells. 

Situated below these cells, and sending up slender 
prolonged ends separating the outer hair cells from each 
other, are a few fusiform cells, called the cells of 
Deiters. Between these cells spaces frequently occur 
which communicate with the tunnel and contain a clear 
fluid, and are called NuePs spaces. 

External to the cells of Deiters are a few cells in- 
termediate in size, which gradually merge with the 
cells of Claudius, and which are called the cells of 
Hensen. 

The nerves branch continually from the modiolus, 
fibers passing into the srans^lion spirala^ which are sit- 
uated just within the bony spiral lamina. From this 
the fibers pass to the inner hair cells, and thence across 
the tunnel to the outer hair cells. 

The blood supply of the cochlea consists of a number 
of branches from the cochlear branch of the auditory 
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artery. Sonic of tlit'St^ branches sii|)ply the lower por- 
tion of the cochlea, the rest passing up the modiolus, 
where some of them coil up to form the glmitfruli 
cocldfcB; others proceed to the membrane of Keissner. 
Brandies fram the glomeruli pass into the membranous 
spiral lamina. 

The fluid in the perilymph-spacea of the entire inner 
ear intercommunicat*", and are also in connection with 
subarachnoid lymph-spaces. The cndolymph-s paces 
likewise communicate \vith each other and with subdu- 
ral spaces. 

QUESTIONS FOR CHAPTEK XV. 

323. Nome the three portions of the ear. 

1123. DesGril>e the Btmetare o! the auricle ; the anditory canal. 

324. What ia included in t^e middle ear? 

325. Deaoribe the three lajere ot tympanttm. 

326. De^crihe the Eustoohinn tnbe. 

327. Desoribe the structure al the tynipanie cavitj and the mas- 
toid oellH. 

328. Deflcribe the Btructare of the oaeiek'^. 

329. Wliat structures comprise the inlcnial ear? 

330. Describe the structure of tile vestibule and the seuiicircular 

331. Defli^ribe the atruoturB of the iiieuibrunaua labyriiitli. 

332. Wliiit is the peritynijih ? 

333. What is the nenro-epithelium, the AImt cells, aud tlie hair 
cells t 

334. What are the auditory hulnt ? the otoliths ? 

335. Of what does the eochlen cousist? What is the membranous 
cochlea? 

336. What is the scolB veatibnli ? the scala media? 

337. What ia the memhisne ol Reiaaner? Eteacribe it. 

338. What is the menibrancns spiral lamina? Deaoribe it. 

339. What is the orgim of Corti ? Describe it 

340. Wliat ore tlie cells of Deitera? 
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341. Describe the nerve distribution of the internal 

342. What are the ganglion spiralffi? 

343. Describe the blood supply of the internal ear. What are the 
glomeruli oochle»? 

344. Describe the lymph supply of the internal ear. 



CHAPTER XVT. 
THE NASAL MUCOUS MEMBRANE. 

The nasal membrane is divided into two parts — 
tlie respiratory and the olfactory tracts. 

Tlie- respiratory mucous membrane is lined witli 
stratified columnar, ciliated, epithelial c«Ils, under 
which is a well-marked siibmucosa of loose fibrous tis- 
sue containing many glands and blood-vessels. The 
glands are tubular, aud may l>c either atn>us or mucous 
in character. Many leukocytes are found surrounding 
the glands and scattered through the, fibrous tissue, as 
well as occasionally invading the epithelial covering. 
Small lymph-nodes, or follicles, are seen quite fre- 
quently, as well ag small, scattered masses of diffuse 
adenoid tissue. 

The olfactory mucous membrane differs from the 
respiratory in color, being brownish and circumscribed, 
the color limit not, however, exactly marking the ex- 
tent of the olfactory cells, which may continue into the 
apparently red of the respiratory membrane. 

It consists of two layers — the epithelial tissue and 
the subepithelial tissue. 

The epithelial tissue is stratified in character and 
contjiins three types of cell : 

The sunkntaJcuiar cells constitute the chief bulk of 
the epithelial layer, being cylindrical, with a round 
nucleus at the outer portion and an irregular, thin inner 
portion, which gives place to and surrounds the other 
elements. 
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The olfnclm-y cells are long, very narrow cells, with 
a nuclear expansion coutaining a spheric nucleus, situ- 
ated at varying distances from the end of the cell. The 
eeila are situated at different levels between tlie Busten- 
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tacular cells, and are in conneetion with delicate fila- J 
ments of the olfactory nerve at their inner ends. 

The basul cells are a row of modified cuboid, su6t«n- 
tacular cells which lie immediately upon the subepithe- 
lial tissue. 

The subepithelial tissue consists of a rather loose 
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mixture of white fibrous and yellow elastic tissue, into 
which a number of branched tubular glauds, called the 
fflUTuis of Sowman, extend. 

The blood-vessels are usually found deeply situated 
iu the subepithelial tissue, sending very numerous 
branches, however, to the tissue immediately under tlie 
epithelium as a capillary network. 

The lymphatics are quite numerous, consisting of 
many nodes and follicles, with lymph-spaces in the 
upper portion communicating with the large lymph- 
vessels deeper in the tissue. 

The nerves are both sensory and special sense, from 
the trifacial and olfactory nerves respectively. The 
fibers of the olfactory nerve are nonmedullated, and 
eventually communicate with the oHact4iry cells. The 
sensory fillers are medullated, and are distributed to the 
under layer of the epithelial, but not to the olfactory 

QUESTIONS FOR CHAPTER XVI. 

345. What are the two diviBiona of the tuiail niiimrafl mem- 
bmne? 

346. rk'sii-i!)E the stmctnre iit the respiratory raiieiiiis niera- 

347. ^tiat are the two layers of the olfnntorj- nmeous mem- 

349. Describe the Hnstentnonlar cells ; the oltaotozj oella ; the 
baaal cells. 

349. Describe tbe snbepitlielial tissue. TSTiat are the glanda oT 
Bowiuan? 

350. Describe the blood-vessela uf tbe oaaal mucous membrane ; 
the lyiiipliatic ; the nerves. 



CHAPTER XVIL 
THE CENTRAL NERVOUS SYSTEM* 

THE SPINAL^CORD. 

The spinal cord is continuous with the medulla ob- 
longata, and extends downward in the spinal canal to 
the beginning of the lumbar region, at which locality it 
divides into a number of fibers, called the librae ter- 
minales, chorda equina, or filum terminate. 

The cord is covered externally by three membranes, — 
the dura mater, the arachnoid, and the pia mater, — 
which serve as a support to itself and its blood-vessels. 

The dura mater is the outermost of the membranes 
of the cord, and is composed of bundles of fibro-elastic 
tissue, interspersed witli thin connective-tissue cells, 
granular cells, and narrow lymph-spaces. Most of its 
external surface is attached directly to the bone, but 
areas occur in whicli spaces exist containing lymph and 
lined by endothelium. These spaces are called the 
epidural spaces. 

The inner surface of the dura mater is also covered 
with endothelium, excepting where it is imited by small 
branches to the arachnoid. 

The arachnoid lies internal to the dura, and, while 
in contact with it throughout most of its extent, is at- 
tached only by a few delicate fibers. 

Between the two membranes occasional spaces exist, 

which are called the subdural spaces. 

Other spaces also occur between the internal surface 

200 
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of the arachnoid and the pia raattir, which are termed 
ihe subarachnoidean ^spaces. All the Bpuccs of the 
araclinoid arc covered by endothelium. Projecting up- 
ward into the sulxlui-nl sjmctis occasional papilla occur, 
wliich in certain localities are much enlai^kl, being then 
called the Paoddonvtn bodies. 

The substance of the arachnoid is of much finer con- 
nective tisane tlian the <hira, and its structure is very 
loosp in texture. 




Neither blood-vessels nor nerves occur In the arach- 
noid, but lymph-spaces are numerous. 

The pia mater lies internal to the arachnoid, and is 
applieil closely to the substance of the spinal conl. It 
presents two layers : 

The mder lai/ei- is very vascular, is composed of fibrous 
tissue, and is covered on ita external surface by eudo- 
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thelium, excepting where small fibers connect it with 
the arachnoid. 

The iimer layer is less vascular, and sends prolonga- 
tions down into the substance of the cord, and between 
the anterior and the posterior fissure. 

A few scattered nonmedullated nerve-fibers occur. 

The substance of the cord is composed of white 
matter and gray matter. 

The gray matter is arranged in the form of an H- 
sha})ed mass, situated in the central portion of the cord, 
and almost entirely surrounded by white matter. The 
two upright lines of the H are crescentic in outline, and 
run anteroposteriorly, so that tlie middle piece will lie 
transversely. The two anterior portions are slightly 
shorter and somewhat tliicker than tlieir posterior coun- 
terparts, and are called the anterior horns, in contradis- 
tinction to the latter, which are known as the posterior 
horns. 

The anterior horns have numerous projecting pro- 
cesses pointing outward to the surface, but do not them- 
selves extend as near to the anterior surface as do the 
posterior horns to the postc^rior surface. 

The posterior horns are narrower, and in most 
localities extend to the posterolateral surface of the 
cord. 

The middle piece of the H is termed the gray com- 
missure, and contains in its center an opening which 
is lined with ciliated epithelium, and, being continuous 
with the ventricles of the brain, contains cerebrospinal 
fluid. This structure is called the central canal, and 
serves to divide the gray commissure into two parts, 
that in front of the canal being called the anterior gray 
commissure, and that behind the canal the posterior 
gray commissure. 

The white matter surrounds the gray matter, giving 
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a section of the cord a rather oval outline — broader or 
narrower, according to looation. From the conter of 
the periphery anteriorly a slight cleft exteuds into the 
substaoce of the cord, reaching nearly to the anterior 
gray commissure, which is called tlie anterior median 
fissure. Opposite this a alight cleft occurs on the pos- 
terior aspect which is continued nearly to the potitei'iiiv 
gray commissure as a fibrous line, known as the pos- 
terior median fissure. Between the bottom of the 
anterior and posterior median fissures aud the gray 
commissure arc small bridges of white substance, called 
respectively the anterior and the posterior white com- 
missures. 

The two fissures and the horns of gray matter divide 
the cord into vertical columns, which have been termed 
the primary columns. The two masses of tissue on 
either side of the anterior median fissure and the ante- 
rior horns are called the antei'ior coluvms. That be- 
tween the anterior and the posterior on the same side 
form tiie lateral columvs. Both of the former taken 
together are sometimes known as the anterolateral col- 
umns. The white matter situated between the posterior 
fissure and the posterior horns is known as the poderior 
column. 

Each of these columns is fiirther subdivided into 
secondary columns, according to the distribution of 
the fibers composing it. 

About half of the anterior columns (adjacent to the 
fissure) is composed of fibers running downward, and 
is called the direct pyramidal tract, or Turck's col- 
umn. The remainder of the anterior column is com- 
posed of fibers carrying ascending impulses, and con- 
stitutes the anterior ground bundle, or anterior 
fundamental column. 

The lateral column is divided into five tracts — the 
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direct cort^bellar, the ascending anterolateral or Growers' 
tnict, the crossed pyramidal, the descending antero- 
lateral, and the mixed lateral. 

The direct cerebellar tract occupies a narrow band 
at the }K)steri()r half of the surface of the lateral column. 
Its fil)ers are descending. 

The ascending anterolateral or Qower's tract is 
situated just anterior to the direct cerebellar tract, and 
external to the anterior portion of the crossed pyramidal 
and the descending anterolateral tracts. Its fibens are 
ascending. 

The crossed pyramidal tract lies internal to the 
direct cerebellar tract, its fibers being descending. 

The descending anterior lateral tract lies internal 
to Gower's tract and anterior to the crossed pyramidal 
tract. Its fibers are descending. 

The mixed lateral tract occupies a small space 
bounde<l internally by the gray matter and externally 
by portions of both the crossed pyramidal and the 
descending ant(^n)]ateral tract. The mixed tract con- 
tains both ascending and descending fibers. 

The posterior column is divided into two tracts — the 
column of Burdach and the column of GoU. 

The column of Goll, or fasciculus gracilis, occupies 
a wedge-shaped area covering the median half of the 
posterior column. Its fibers are ascending. 

The column of Burdach, or fasciculus cuneatus, 
occupies the remainder or lateral half of the posterior 
colunm. Its fibers are also ascending. 

MINUTE STRUCTURES. 

The gray substance consists of an intricate tangle 
of nerve-cells, nerve-fibers, and a specialized connect- 
ive tissue, called the neuroglia. 
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The nerve-cells in the gray matter are arranged 
more or less m groups. lu the anterior liorns four 
groups may be recc^ized — the inner or median, tlie 
anterior, the anterolateral, and the posterolateral. At 
about the junction of the anterior and posterior hornSj 
on the external side, an enlargement occurs, which in 
the dorBal re^on is most distinct, and is called the lat- 
eral horn. In the lateral horn a small group of nerve- 
ceils occur. In the poBt^rior horn the cells are more 
scattered, no constant grouping occurring, with the ex- 
ception of a spot at the inner root of the horn, where 
the column of Clarke, a group of large cells, is found. 

In the anterior horn and column of Clarke the 
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nerve-cells are very large and stellate, sending off many 
processes in various directions, which branch repeat- 
edly to form dense arborizations of fibrils, called den- 
drites. One of the processes, however, continues on 
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and eventually becomes the axis-cylinder of a nerve- 
fil>er, and is called the axis-cylinder process, axon, or 
neuraxon. 

The ganglion cells themselves have lai^e, clear vesic- 
ular nuclei, with usually a well-marked nucleolus in 
each cell. In the cell-body a greater or less amount of 
granules occur, which exhibit specific staining reactions. 
These granules vary in amount, location, and distribu- 
tion in various cells, and appear to bear a relation- 
ship to the state of activity of the various cells previous 
to death. They have received the names of chromatic 
granules of Nisei, or chromatophilic s^ranules. 

In the posterior horn the cells are somewhat smaller 
and tend more to assume a fusiform outline, remaining, 
however, multipolar. 

While the dendritic processes of the various cells 
interlace most intimately with one another as well as 
with the terminal arborizations of nerve-fibers whose 
cells are at a distance, still it would seem as though 
there was no structural union between the fibers of sep- 
arate nerve-cells, any impulse passing from one cell to 
another apparently acting by contact of the fibers or 
through the minute spaces which separate them. 

Beside the nerve-cells and their various processes, a 
small number of meduUated nerve-fibers may be found 
in the gray matter. 

The interstitial substance of both the white and the 
gray matter is composed of what is termed neurog^lia 
tissue. This is a tissue com})osed of nucleated much- 
branching cells (the glia cells), of which there are two 
chief varieties — the spider cell and the mossy cell. In 
the spider cells the processes are long and delicate, 
branching but little. The mossy cells, on the con- 
trary, have thick and short processes, which branch 
irregularly and are more in the gray matter. 
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At the basi; of the powtmor horns, especially at the 
edges, a more open structure is found, which contains 
but few cells, called the reticular process. At the 
summit of the posterior horns a slightly enlai^ed mass 
of clear, jelly-like substauc«, consisting structurally 
mostly of neuroglia tissue, occurs, termed the sul^. 
stantja gelatinosa Rolandi. Posterior to this a small 
zona spongiosa occurs bounded by a narrow zoue of 
vertical nerve-fibers, called the zona terminalis. 

The white substance consists of a slight framework 
of fibrous tissue, extending from tlie pia mater, which 
supports large numbers of nerve-flbera, between which 
occur niuueroua glia celts. 

Tlie nerve-fibers have a medullary sheath, but are 
devoid of neurilemma. Most of the fibers run verti- 
cally, — that ia, parallel to the long axis of the cord, — 
but many fibers inay be found running obliquely, espe- 
cially in front of the gray commissure. 

The glia cells iu the white substance are mostly of 
the spider variety, many of which have extra-long ver- 
tical branches (the chief processes), which run between 
the nerve-fibers, apparently serving the purpose of a 
neurilemma. 

The blood-vessels enter the coi-d mostly in the 
fibrous septa from the pia mater, branch repeatedly, and 
become surrounded by a layer of neuroglia tissue. 
. They eventually break up into capillaries, which run 
mostly longitudinally between the nerve-fihei-s in tlie 
white substance, but form a network in the gray 
matter. 

THE CEREBELLUM. 
The cerebellum consists of a gray and a white mat- 
ter, the former being external. 

The white substance is arranged in branching sheets, 
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which are I'overed by the tiircc layers of gray matter, 
aiitl, when out, presejits in the cut seotion a tree-like 
arrfliigement, railed the arbor vit«. 

Tlie pray layers are respectively from within out- 
ward : the granule layer, gangliuDio layer, or layer 
of Purkiiijc'H cells, and tlie layer of gray substance 
proper, or molecular layer. 

The white substance coofiists of great numbers of 
meduilated nerve-fibera devoid of a neurilemma and 
held together by neuroglia tissue, the majority of the 
glia cells being of tlie spider variety. 

The yranuie layer lies just external to the wlutt; sub- 




Fig. 87.-8eotlon -f 



stance, and is composed of two kinds of nerve-cells, 
and a supportiug neuroglia tissue, and forma a rust- 
coloreil band about one-half the entire width of tlie 
gmy substance. Witli ordinary mcthmls of staining, 
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all die cells of this layer resemble each other, having a 
relatively lai^e nucleus and small coU-body. With 
special staining methods, such as that of flolgi, the two 
different tyjiea become apparent. 

The first type was called the small granule cell. 





or multipolar, and has short, irregular, protoplasmic 
processes and a long axis-cylinder process. 

The axis-cylinder process is uonmedu Hated, 
passes outward into the molecular layer, where it di\ 
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into two T-shaped branches which run parallel to the 
free surface and terminate in blunt, unbranched ends. 
The second type of cell in the granule layer is called the 
large granule cell. The granule cells are less numerous 
than the last named, but are nearly twice as large. 
They are also multipolar, and send richly branching, den- 
dritic processes into the molecular layer, and from their 
opposite ends numerous nerve processes, which ramify 
through the granule layer. The nerve-fibers in the 
granule layer are quite numerous, and are of the med- 
ullated variety, being either continuations of the fibers 
of the white substance beneath or branches from the 
ganglionic cells of Purkinje, the next layer external. 

The middle layer of gray matter — the layer of Pwr- 
kinje's cellsy ox, the ganglionic layer — consists of a sin- 
gle row of very large ganglion cells, situated at the 
outer boundary of the granule layer. These cells are 
pear-shaped, the base being outward. From the base 
project two dendritic branches, which branch and re- 
branch until tlic most complex and extensive of arbori- 
zations is produced, reaching through the molecular 
layer. The axis-cylinder process arises from the oppo- 
site or inner pole of the cell, quickly becomes medul- 
lated, and passes into the granule layer, where it sends 
off a few collateral branches before passing into the 
white matter. 

The molecular layer is the most external of the gray 
layers, and contains many multipolar ganglion cells, 
the dendritic processes of Purkinje^s cells and some 
nerve-fibers. 

The ganglion cells send a few dendritic processes 
toward the surface, their axis-cylinder processes run- 
ning parallel with the surface and sending branches 
down to a point near the cells of Purkinje, where they 
branch to form a basket-shaped network which envelops 
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tile cell and the beginning nerve-liber ol' Purkiiijo. 
These! cells are called the basket cells. 

The nerve-fibers are niastly tlie torminatioua of some 
of the niodullated nerves from tlie white siibntance 
which have traversed the granular layer and soon lose 
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their medullary sheath and end Id free branches between 
the dendritic processea of the cells of Purkiuje. 

Two principal types of glia cells occur in the gray 
matter of tlie cerebellum. 

The first type lies between the granule layer and the 
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molecular layer. These cells have small cell-bodies, and 
send but very few short processes downi?«rard, nearly 
all of their processes extending outward as nearly 
straight and but few branching fibers. 

The second type of cell is of the mossy type, and oc- 
curs throughout the gray substance. 



THE CEREBRUM^ 

The cerebrum, like the cerebellum, contains a gray 
and a white substance, with the gray external. 

The gray matter may be divided into five more or 
less distinct layers which merge into one another with- 
out any clear boundary line. Named from without in- 
ward they are the molecular layer, the layer of small 
j)yram{(lal cells, the layer of large pyramidal cells, the 
layer of irregular or polymorphous cells, and the layer 
of spindle and pyramidal cells. 

The molecular layer contains numerous dendritic 
processes from the pyramidal cells in the next two 
layers ; interlacing medn Hated nerve-fibers which run 
parallel to the surface ; cells of Cajal, and glia cells. 

The cells of Cajal are irregular cells occurring near 
the outer surface of the molecular layer. From their 
lateral edges a number of fine processes extend parallel 
to the surface, the upper ones sending small branches 
toward the surface. From the lower aspect of the cell 
one or more processes extend down into the deeper 
layers. The exact nature of these cells is not known, 
but it seems probable that they are of a neuroglia type. 
The glia cells are numerous, the mossy type predomi- 
nating. 

The layer of small pyramidal cells contains 
numerous pyramidal cells which, upon section, appear 
as tall, narrow triangles, with their apices toward the 
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Burface. From the apt'X of each cell a dendritic pro- 
cess extends into the molecular layer, giving off many 
lateral branches on the way. Other dendritic processes 
occasionally extend from the sides of the cells. From 
the center of the base the axis-cylinder process arises, 
and after acquiring a medullary sht-ath, usually passes 
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down to tlie white substance, but occasionally turns and 
enterH the molecular layer. These cells are of small 
size, measuring only about 10 to I'i microns (755(1 "^ 
an inch). 

The layer of large pyramidal cells differs from the 
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preceding only in the fact that the cells are mnch 
larger (25 microns, or y^Vtr "^ *" inch), and the axis- 
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cylinder fibers always pass to the white substance (none 
of them being distributed to the molecular layer), giving 
off collateral branches on the way. 
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The layer of irregular or polymorphous cells ia 

characterized by the presence of polygonal cells, from 
which one or two irregular deudritic processes project 
and branch a few times. The axis-cylinder fibers acquire 
a medullary sheath, send off a few collaterals, aud 
IKiss into the white substance, where they may branch, 
the two divisions proceeding in opposite directions at 
right angles to tlie descending iibers, forming a T- 
shapcd fiber. 

The layer of spindle and pyramidal cells contains, 
besides scattered pyramldiil cells similar to those of the 
second layer and oval ganglion cells, large numbers of 
medullated nerve-fibers in transit from the white sub- 
stance to the layer above, 

The oval cells resemble the small pyramidal cells, 
with the exception of their liases, which taper down- 
ward, giving the cell a more fusiform outline. 

The white substance consists of medullated nerve- 
fibers, devoid of uenrilcmma, held together by neurog- 
lia tissue similar in stnictnre to the white substance of 
the cerebellum. 

Small projeeti(mH extend down into the cerebral and 
cerebellar substance from the pia mater, conducting 
blood-vessels, which branch and, acquiring a wwering 
of neuRiglia tissue, become distributed as a capillary 
network tiiroiighout the oi^n. 

PITUITARY BODY. 

The pitnitary body, or hypophysis cerebri, may 
be classed with the ductless glands, aud consists of two 
portions. 

The anterior portion ia the larger, and consists of 
gland acini, surrounded by loose fibrous tissue. The 
acini are lined by cuboi<l ei>ithelial cells, wliii'h in many 
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instancori fill the lumen. Occasionally, a clear, colloid 
substance is found in some of the acini resembling the 
colloid substance found in the thyroid. 

The posterior portion contains a complexus of fine 
branched nerve-fil)ers, multipolar ganglion cells^ blood- 
vessels, and connective tissue. 



THE PINEAL BODY. 

The pineal body is a rudimentary special sense oi^gani 
the vestige of a more highly developed structure in pre- 
historic animals low in the scale of life. It still persista 
fairly well developed in some of the living reptiles. It 
seems probable that one of its functions was the peroep^ 
tion of heat. In structure it consists of a number of acini 
separated from one another by fibrous tissue and lined 
by columnar epithelium. Occasionally, concretions of 
a calcareous matter are found in the acini, external to 
them and in the brain membranes, called " brain sand.** 

Small, discoid bodies of a starch-like nature, present- 
ing concentric striations and staining violet with iodin 
and sulphuric acid, also occur in the brain substance 
and membranes around the ventricles, and have been 
called the corpora amylacea. 

THE SUPRARENAL BODY. 

The suprarenal body, capsule, or the adrenal, is 

covered by a thick capsule of fibrous tissue, and divided 
into a cortical and a medullary portion. 

The cortical portion further divides into three layers 
— the zona ghmet^ulosa, the zona fascicukUay and the 
zona reticularis. 

The zona glomerulosa consists of round or ovoid 
masses of epithelial cells. In the zona fasciculata the 



THE 8UPEAEENAL BODY. 



cella are arranged in long, solid, cylindrical coi-ds. Tlie 
zona reticularis contains branching coinnins of cells 
which are pigmented. All of the different groups of 
cells are sepsirated by bauds of fibrous tissue. 

The medullary portion is c(iTnpo.wd of irregular 



branching cords of pigmented polyhedral cells, sur- 
rounded by vascular connective tissue, in the center of 
which many nonmedullated nerve-fibers and ganglion 
cells occur. 

The blood-vessels enter tiirougli tlie capsule and, 
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passing down between the masses of cells, envelop them 
in a capillary network. The capillaries collect in the 
medullary veins and make their exit at the hilum. 

The nerve supply is unusually rich, consisting of large 
nonmedullated fibers, although meduUated fibers and 
ganglion cells are not unusual. 

The Ipnphcdics originate in the fibrous bands of both 
the cortex and the medulla, and communicate with 
larger vessels in the capsule. 

QUESTIONS FOR CHAPTER XVH. 

351. What are the coverings of the spinal cord? 

352. Describe the dura mater. What are the epidural spaces? 
the subdural spaces ? 

353. The subarachnoidean spaces? 

354. What are the Pacchionian bodies? 

355. Do blood-vessels or nerves occur in the arachnoid? De- 
scribe the structures occurring. 

356. Describe the arachnoid. 

357. How many layers does the pia mater represent ? Describe 
each. 

358. Of wliat is the substance of the cord composed ? 

359. Describe the gross arrangement of the gray matter. 

360. Describe the anterior horn; posterior horn; gray commis- 
sure; central canal. 

361. Describe the gross arrangement of the white matter. 

362. Describe the anterior median fissure; the posterior median 
fissure; anterior columns; lateral columns; the posterior columns. 

363. What is meant by secondary columns ? Name the princi- 
pal ones. 

364. Give the location of the direct pyramidal tract; the anterior 
ground bundle; direct cerebellar tract; crossed pyramidal tract; 
descending anterolateral; mixed lateml; column of GoU and 
column of Burdach. 

365. In which direction do the fibers run in each of the preced- 
ing tracts ? 
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366. Which ot Oie preceding secondary trocta are contBined t 
the anterior oolumiis? 

367. Id the Intcrat columns ? in the posterior coImnnB ? 

368. What stmctTires conBtitnte the gray anbatance? 

369. DcBGribe the nerve-cells. 

370. Name the prinrapal gronps of nerve-oella in the gray matte 
and give their location. What is the oolunui of Clarke? 

371. Whatisanaxonornenraxon? 

372. Give the general charanteristicfl of thp ganglion cells. What 
are the chroma tophi lie granules? 

373. What are the charact^ristica of the cells in the poeterit 

37<. Describe the dendririo processes. 

375. What is nenroglia tissue? 

376. What are the glia cells? spider cells? mna^v cells? 

377. What is the reticular process? sulmtantia gplatinoaa Eo- 
landi ? the zona spongioea ? and the zona temiinolis ? 

378. Descrihe the minute structure of the white substance. Give 
its blood supply. 

379. Of what does the cerebellnm consiHt? ^\lmt is tlicarhor 
vilre? 

380. Name the layers of the cerebellum. 

381. Ueacribe the white substance. 

382. Describe the granule layer. Descrilie the Inrge and small 
granule cells of this layer; the nervc-ribere. 

3S3. Describe the layer o( Pnrkinje'a cells. 

384. Describe the molecular layer. What are the basket cells? 
Deaoribe the nerve-fibers and glia oelU of this layer. 

385. Name the gross structures of tlie cerebrum. 

386. How many layers of tlie gray substance? Name ench. 

387. Describe the molecular layer. What are the ctlls of 
Cajal? 

388. Describe the layer of small pyramidal cells. 
38!). DescrilH! the layer of large pyramidal cells. 

390. Describe the layer of polymorphous cells. 

391. Describe the layer of spindle and pyramidal oells. 

392. Describe the white subataooe; blood supply. 
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393. Name the two portions of the pitnitary body. DeflCTibe 
each. 

394. What is the pineal body. Describe its stractnre. 

395. What is brain sand ? corpora amylaoea? 

396. Describe the gross arrangement of the sai»»reDal capsule. 

397. What are the three layers of the cortical portion ? Describe 
each. 

398. Describe the medullary portion. 

399. Deacril)e the blood supply, nerve supply, and lymphatics 
of this oigan. 



CHAPTER XVIII. 

TECHNIC 

The preparation of histologic objects for microscopic 
examination requires a varyiiif; amount of manipulation, 
which is referred to in geueral as technic. A few of 
the simpler structures, such as bite of serous membrane, 
blood, or isolated epithelial cells scraped from free sur- 
faces, may be placed upou a slide with a drop of salt 
solution and examined at once. Other structures, aa 
muscle, white fibrous tissue, yellow elastic tissue, or 
nerve-fibers, may be prepared for a prelimiuary exami- 
nation by the process known as teasing. This consists 
in gently tearing small bits of the tissue aa finely as 
possible by means of "needles," so aa to produce 
ragged, thin edges. An ordinary sewing needle sunk 
a quarter of an inch into the handle of a penholder 
answers perfectly for this purpose. The teasing should 
be carried on in a drop of physiolt^c salt solution 
(made by dissolving 6 to 9 grams of NaCl in 1000 e.e. 
of water) or of glycerin. Occasionally, previous to 
teasing, bits of tissue are subjected to the action of 
one of the "dissociating" fluids, just enough of the 
solution being used to cover the tissue. Several days 
are required for the structural elements to sotlen so as 
to be readily separated from one another, and during 
this time the fluid should be protected from evaporation. 
Two of the best of the fluids which are used for this 
purpose are Z3 fo alcohol (1 part alcohol to 2 parts 
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water), or chromic acid, |^ to J gram to 1000 c.c. of 
water. In order, however, to obtain more satisfactory 
preparations, thin sections of the various tissues must 
be obtained, and changes in the form and arrangement 
of the more minute elements must be guarded against. 

FIXATION. 

Substances that rapidly kill tissues and prevent 
further structure change are called fixatives. Of these 
there are a number which are more or less desirable 
according to the special tissue at hand or the end in 
view. 

Alcohol is used extensively, but more for dehy- 
drating and preserving tissue than as a fixative. Abso- 
lute alcohol will fix small pieces of tissue (0.5 cm. cube) 
almost instantly, and is satisfactory when the finer 
nuclear structure is not especially sought. In gradu- 
ally increasing strengths of 50, 60, 70, 85, 95^, and 
absolute, successively from twenty-four to forty-eight 
hours each, it gives fair results for ordinary work. 
Some shrinkage of the tissues will occur, but, on the 
other hand, good results may be subsequently obtained 
with any of the stains. For preserving specimens 70 ^ 
alcohol answers admirably. 

Chromic acid, in strengths varying from 0.1^ to 
1 ^ , fixes well in two or three days, but tissues fixed 
in it are liable not to stain well, and if strong solutions 
are employed, artefacts are often produced. 

Potassium bichromate and ammonium bichro- 
mate, in2fo orSfo aqueous solution, penetrate well, but 
do not preserve the detail of cell structure so well as many 
other fixatives. A month or more is required to com- 
plete the hardening, when the tissues should be washed 
twenty-four hours in running water and preserved in 
70% alcohol. 



Mtiller's fluid consists of— 



This solution will keep indefinitely, and ia valuable 
for fixing large masses of tissue, especially of the cen- 
tral nervoua system. It should be u.sed in large 
amouats (at least 15 to 20 times as large a volume as 
the tissue to be fixed) and frequently changed. A 
good plan is to change the solution daily for four days, 
and then weekly for about six weeks, when tlie speci- 
men should be washed in running water overnight and 
kept in 70 <^ alcohol {in the dark), which is replenished 
whenever it becomes discolored. Tissues fixed in Mfd- 
ler's fluid will, as a rule, stain better with some one of 
tlie logwood stains than with the carrains. 

Fonualdehyd is sold as a saturated 40^ solution, 
and in this form is sometimes called " formol " or " for- 
malin." It is best kept in tightly stoppered bottles and 
diluted or niixutl with other reagents only as wanted for 
use. It forms an excellent fixative for most all tissues 
when diluted with either water or 95^ alcohol to a 
strength of from 5 ^ to 10 j5 . It fixes tissues in from 
onc*half to twelve hours, and permits tlie use of any of 
the stains subsequently. 

Orth's solution consists of — 



Muller's fluid cau be kept iu quantity and the for- 
malin added at the time required. This solution fixes 
pieces of tissue two centimeters thick in twenty-four 
hours, giving all the advantages of both formalin and 
bichromate fixatives. After fixatiou the tissues should 
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be washed in running water for twelve hours and 
placed in 70^ alcohol. 

Flemming's solution is composed of — 



Osmic acid (2% solution) .... 4 cc 
Chromic acid (1^ solution) . . .15 
Acetic acid (glacial) 1 






These pro[K)rtions are sometimes varied slightly for 
sjKJcial purposes. 

The ingredients should be kept separately and mixed 
iinnu'xlidiely before using. The osmic acid should be 
kept in a brown, glass-stoppered bottle, and protected 
from the light. Tissues should be placed in this solu- 
tion immediately while the cells are still living, and 
small insects or newts may be dropped in directly while 
alive. After twenty-four hours the specimen should 
be washed for two hours and placed in 70^ alcohol. 
This method is the best for showing the finer nuclear 
structures and for the study of karyokinesis. 

Mercuric chlorid has been employed as a fixative 
in a number of combinations. As reliable a formula 
as any is Heidenhain^s : 

Sodium chlorid 7.5 gm. 

Water 1000 c c. 

Dissolve in this, with the aid of heat, mercuric chlorid 
to the point of saturation and allow the solution to 
(iool. Upon cooling fine crystals of the mercuric chlo- 
rid will be deposited. This solution will fix pieces of 
tissue one centimeter thick in from two to twelve 
hours. The specimens should then either be washed 
for twenty-four hours in running water or, better, 
placed for twelve hours in 70 fo alcohol that has been 
colored dark brown by the addition of tincture of 
iodin, to eliminate crystals of mercuric chlorid which 
will be deposited in the tissue. This should be followed 
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by 70^ aliwhol until tlie specimen is wanted for 
use. Occasionally, however, the iodin solution is not 
use<l until the spccinif^iis have been cut into eectioiis, 
when a relatively short iiumerHion suffices to remove 
any crystals of tlie HgClj. 

Mercuric chlorid-acetic acid does well as a fixa- 
tive, and is made by adding 5^ of gladal acetic acid 
to a saturated aqueous solution of mercuric chlorid. 
Small pieces of tissue fix wcU in three hours, and should 
be transferred to 3.^ fn and gradually ascending strengths 
of alcohol. Iodin may be added to the alcohol to dis- 
solve the crystals of mercuric chlorid, or sections may 
be cut first, and Cheu immersed in the iodized alcohol 
previous to staining. 

Zenker's fluid combines the goo<l points of the 
chrome and mercuric fixatives. Ite formula is as 
follows : 

Potaaainu bieliromate 9.5 gin. 

Bodinm salphaCe 1 " 

Merourio oblurid 5 " 

Olacial acetic acid 5 c.o. 

Water 100 " 

Dissolve the first three ingredients in the water, and 
add tlie acetic acid only at the time the solution is 
wanted for use. Tissues are fixed from four to twenty- 
four hours, washed twelve to twenty-four houre in run- 
ning water, and dehydrated in ascending strengths of 
alcohol. Crystals of mercuric chlorid may be re- 
moved as in the two previous solutions. 



DECALCinCATK)N. 
Before sufficiently thin sections of bone or other cal- 
careous tissue can be cut it Ih-'coiiics necessary first to 
dissolve out the calcium salts. For tliis purpose u 
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number of solutions are in vogue known as decalcifying 
soliUions, As a rule, small pieces of the bone should 
be used (not more than 0.5 cm. in thickness). 

Picric acid, as a saturated aqueous solution^ requires 
weeks, but is very satisfactory. A few crystals should 
be adde<l from time to time to insure complete satura- 
tion, until all the lime-salts have been dissolved. This 
may be ascertained by passing a fine needle through 
the sjwcimen. When it is completely decalcified, the 
needle will encounter no gritty particles. The specimen 
should then be placed in 70 fo alcohol containing an 
excess of lithium carbonate for twenty-four hours^ and 
tlien frequently changed to fresh alcohol until its color 
remains untinged. 

Chromic and nitric acids also give good results, and 
are a trifle more rapid in their action. Place small 
pieces of bone in — 

Chromic acid 3 gm. 

Water 1000 o.c 

for six days, changing the solution on the third day. 
Then transfer it to fresh solution, to which has been 
added 2 ^ of nitric acid, in which mixture it remains 
until decalcified, when it is washed for forty-eight 
hours in running water and transferred to 70^ alcohol. 
The nitric acid phloroglucin method is very rapid 
(eight to twelve hours) and one of the best : 

l*hloroglucin 1 gni. 

Nitric acid 10 c.o. 

Dissolve by heating and add water . 100 " 

As soon as the lime-salts are all dissolved, transfer 
the tissues to 70 fo alcohol, which should be renewed 
several times. Specimens decalcified by either of these 
methods stain well in " bulk," and should be cut into 
very thin sections for examuiation. 



INJECTION. 
In order to shitiy the distribution of the smaller 
blood-vessels or lymphatics, rccoiirsw! is had to a number 
of proeesaeH of filling thtm with some more or less 
opaque substance. The pRKMSsra are collectively known 
as " injections," and the substaoces used aa " injection 
masses." These may be either introduced into the 
aorta or through the left ventricle, in which case the 
entire animal may be used ; or separate oi^ns are 
tiken and the mass introduced through the afferent 

The two most satisfactory masses are known as the 
"carmin-gelatiu" and the "Berlin blue." 

The carmia-gelatin mass is pre|)ared as follows : 

CarmiQ 3 gni. 

Water 



Rub the earmin and ammonia together in a mortar, 
and then add the wattr. Allow it to stand for a couple 
of hours, and transfer to a Ijottle of very clear white 
glass. Now add glacial acetic acid carefully, drop by 
drop, from a buret or dropper, shaking carefully after 
each addition. Continue atlding the acid until the solu- 
tion is exactly neutralized, which is shown by the solu- 
tion changing from a deep purplish red color to a 
brilliant red. At this time the earmin is precipitated 
as an extremely tine powder, so fine that it should sliow 
no granules when examined with au ordinary high- 
pnwer objective. 

While the foregoing has been standing, the gelatin 
should have been carefully melted in a porcelain evap- 
orating dish, and the earmin solution added little by 
little, with thorough stirring after each ad<litiou. 
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The gelatin is prepared by taking 

French gelatin (Coignet's) . . . . 7 gm. 
Water 60 c.c. 

Allow the gelatin to soak in the water in an evaporat- 
ing dish for four or five hours before it is required for 
melting. 

As soon as the gelatin is mixed with the carmin it 
is ready for use; but if it is placed in a bottle and 
covered with a little methyl alcohol, it can be preserved 
for a long time, and be ready for use by simply pouring 
off the alcohol and heating. It is always advisable to 
filter the melted mass through muslin immediately be- 
fore using. 

Berlin blue mass is simpler to prepare, and gives 
very pleasing effects when sections are counterstained 
with some of the carmin solutions. The following is 
a good formula for its preparation : 

Berlin blue (Grubler) 1 gm. 

Water 200 o.a 

As soon as the injection is finished, tie a ligature 
around the artery and place the whole organ into alco- 
hol or Miiller's fluid. 

The injection of the mass into the arteries is best ac- 
complished l)y means of a syringe of about 50 c.c. 
capacity and fitted with interchangeable cannulas of 
various sizes and a stopcock. By this means a little 
practice will enable one to estimate the exact amount 
of pressure required to rapidly force the solution into 
the vessels while not using sufficient force to rupture 
the delicate capillaries and cause an extravasation. 

Before starting to inject an animal or organ it is 
usually best to allow the blood to flow out as much as 
possible ; and when the gelatin mass is to be used, the 
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entire animal or oi^n shonld be kept under warm 

water, to prevent a too rapid hardening of the gelutin. 

When tissues have been injected, they are hardened 

and cut into sections in the same way as ordinary speci- 



SECnONING. 

As, almost without exception, histologic specimens 
are examined by transmitted light, the portion under 
examination must be extremL'Iy thin to allow of ready 
passage of light, as well as to avoid an apparent con- 
fusion of structural detail which would result from 
the superposition of several iaj'ers of cells. Several 
methods are in use to obtain the retguisite tliinness, but 
in any case (excepting frozen sections) the specimen, 
afttT being fixed or dccalcifietl, must be thorot^hly 
dehydrated and sufficiently hardened to cut well 
without either being brittle or easily torn. Alcohol in 
gradually increasing strengths is used for this purpose, 
allowing the specimens to remain for from twelve to 
forty-eight liours in 70^,85%, and 95 ^c , and absolute 
alcohol. Specimens are occasionally sectioned by hand, 
with a sharp razor, after removal from the absolute 
alcohol. If the specimen is small and not easily held 
by the fingers, it may be clamped between two pieces 
of pith or in a slit in a piece of alcohol-hardened liver 
or, still better, placed upon a small block or in u little 
pill-box, into which melted paraffin is poured and 
allowed to cool. The mixture of paraffiu 2 or 3 parts, 
tallow 1 part, as recommended by Piersol, will be found 
superior to the pure parafKu. In either case the speci- 
men sliotdd be held in the left hand, which rests either 
upon a table or against the chest, and the razor, wet 
with alcohol, is held in the right hand, with the edge 
toward the IxRly, antl made to pass over the specimen 
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from point to heel. The endeavor should be to obtain 
sections as thin as possible rather than of great suse. 
As soon as the sections are made, if they are embedded 
in paraffin, they should be placed in a small dish con- 
taining turpentine or xylol, which will dissolve the 
paraffin, and then, if they require further staining, into 
al>solute, followed by weaker, alcohol. If the block of 
tissue has not been embedded in the paraffin, the sec- 
tions may be placed directly in a dish of 85 ^ alcohol 
or in water. 

The method of cutting sections free-hand requires 
considerable practice, and is even then of value in but 
few instances. The best results can be obtained only 
by one of the many forms of microtomeS| or mechan- 
ical knives, which are manu&ctured. These will cor- 
respond to one of two types : 

1. Those in which, while cutting, the object is sta- 
tionary and the knife moves. 

2. Those in which, during the cutting, the kniie is 
stationary, while the object is moved against it. 

As a general rule, instruments of the first class are 
better adapted to cutting frozen and celloidin embedded 
si>ecimens, and those of the second class do better with 
paraffin 8{)ecimen8. However, several of the best in- 
struments of either class may l>e made to do excellent 
work with any of the embedding methods. 

When thin sections of delicate tissue are to be made, 
the tissue must first be thoroughly infiltrated with some 
substance that will offer no material resistance to the 
cutting and which at the same time will fill all spaces 
between the cells, and hold them in their normal rela- 
tive positions (interstitial embedding). There are three 
j)rincij)al ways of accomplishing this, known respectively 
as the celloidin, paraffin, and freezing. 
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CELLOIDIN EMBEDDING. 
The specimen after liaving been fixed aud thoroughly 
dehydratetl and haniened, is plactid for from twenty- 
four to forty-eight hours in equal parts of absolute 
alcohol and ether ; then for twenty-four hours in " tJiin 
ceUoidin," made by dissolving : 

3 era. 
100 0.0. 

Transfer specimen for twenty-four hours or, if it be 
large or dense, forty -eight hours to " thick celloidin " : 



From the thick celloidin it should be [ilaced with its 
best surface uppermost upon a small block of wood or 
ground glass around the edges of which several turns 
of paper have been wrapped, making a sort of box with 
paper sides, the specimen resting upon the wooden or 
glass bottom. 

Thick celloidin is now poured in until the specimen 
is covered, and the whole thing is set aside until the 
celloidin "sets," or becomes thickened sufficiently to 
prevent the spooimeii changing its position. The length 
of time which this will take will depend u]wn the size 
of the specimen, the depth of the celloidin, the tem- 
perature of the room, etc., so that no definite time can 
be given. The block should, however, be watched ; for 
if allowed to dry too much in tlie oiwn air, the celloidin 
will become hard and shrink, distorting the specimen. 
As soon as it is sufficiently set, it should be immersed in 
85 ^ alcohol or chloroform, where it will slowly (twenty- 
four hours) harden until it becomes clear and trans[>arent 
and almost the consistence of soft cartilage. The speci- 
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meD may be kept in the alcohol or diloioform at this stage 
for davs, if it is not convenient to proceed with the 
further operation of preparing the sections. TThen the 
sections are to be cut, the block is taken from the alcohol 
or chloroform, and the paper carefnUv removed ; anj ex- 
cess of celloidin is carefullv trimmed off with a knife^ 
leaving only a thin margin aronnd the top edges of the 
specimen, but not removing too much from around the 
Ijase, lest it separate from the block during the sub- 
secjuent operations. The block is then clamped in 
the microtome in such a manner that the long diameter 
of the specimen is parallel to the direction of motion 
of the knife, and the upper surface just escapes the 
knife edge as it passes over. The knife is then set ob- 
liquely to the specimen, so that as much of the edge as 
{)ossiblc will pass through the specimen in cutting a sec- 
tion. The specimen is raised slightly by means of the 
micrometer screw beneath ; the knife is then flooded ynth 
85 ^ alcohol and drawn quickly and smoothly across the 
specimen. This is repeated several times until an even 
surface is obtained and the sections removed pass 
through sufficient of the specimen, when the specimen 
is raised a known and uniform distance at each cut, and 
the sections are transferred to clean 85 ^ alcohol as fast 
as they are produced. As many sections as will be de- 
sired should be cut, as they may be kept indefinitely in 
85 ^ alcohol until wanted ; whereas, in the block they 
are liable to soften if left in the alcohol, and if allowed 
to dry will spoil entirely. Sections prepared in this 
way can not be cut so thin as when paraffin is used, a 
fairly satisfactory average being from Id fi to 20 ^ in 
I thickness. 
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PARAFFIN EMBEDDING. 

Pieces of tissue which have beeu fixed and dehydrated 
are passed from absolute alcohol into chloroform, xylol, 
turpentine, or equal parts of alcohol and cedar oil, and 
allowed to remain there until they become translucent. 
The length of time necessary will vary from one to 
twelve hours, according to the density and size of the 
tissue. 

If chloroform is chosen, the tissue is next placed for 
twelve hours in a saturated solution of paraffin in 
chloroform. II' cedar oil and alcohol have been used for 
the previous step, the tissue is put into pure cedar oil 
for twelve hours. If xylol or turpentine has been 
chosen, or in the previous two cases, after the imraer- 
Bion in the solution of paraffin and chloroform or pure 
cedar oil, the tissues are placed in melted paraffin 
whose melting-point is 50° C, and kept at a tempera- 
ture of from 51° to 52° C, in an oven, for from two 
to eight hours, according to the size and density of the 
specimen. By this time the molten paraffin will have 
penetrated every portion of the tissue. The specimen 
is now removed with a pair of forceps (which have 
been slightly warmed to prevent the paraffin from 
hardening about them) and placed upon a plate of 
glass or metal, quickly surrounded by two L-shaped 
j>iecea of metal arranged so as to form a square, and 
the square so formed filled with molten paraffin. The 
paraffin ia allowed to cool for a moment until a thin 
skin forms over the top, when the whole thing is plunged 
into cold water in order to solidify the mass as quickly 
as possible. When thoroughly cold, the block of 
paraffin containing the tissue at the lower end is sepa- 
rated from its metal easing and carefully dried. Then 
the block is cut away from the sides of the specimen, 
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leaving a margin of only about 1 mm. of paraffin 
around each side^ but being careful that the opposite 
outer edges of the margin are parallel. The block is 
now clamped in the microtome with the longest diameter 
of the specimen transversely to the path of the knife. 
The knife must be so placed that its edge is at right 
angles to its path and that it will pass squarely through 
the specimen, and not obliquely, as is the case in cutting 
celloidin. The sections are cut with the knife dry, and 
may be removed one at a time as they are cut or allowed 
to adhere, the front edge of one to the hind edge of the 
preceding, as they are cut, so as to form a " ribbon.^' 

Only as many sections should be cut as will be needed 
at once, as the embedded block will keep indefinitely 
and can always be cut from at any subsequent time. 
If the tissue is tough and the sections are not too thin^ 
they may be placed at once in xylol or turpentine, to 
dissolve out the paraffin, and thence in absolute alco- 
hol if they are to be stained ; or if already stained in 
bulk, they may be mounted in Canada balsam. If the 
sections are fragile, they must be mounted on glass 
slides. The slides having been thoroughly cleaned, a 
very thin layer of Mayer^s albumin is spread upon one 
side, either with a camePs-hair brush or with the fingers, 
and allowed to dry. The Mayer^s albumin is made by 
mixing — 

White of egg 50 o.a 

Glycerin . 50 " 

Sodlmn salicylate . 1 gm. 

shaking very thoroughly with a few pieces of broken 
glass (to hasten the solution of the egg), and filtering 
through coarse filter-paper. This filtration may require 
weeks, but the resulting solution, if tightly stoppered, 
will keep good for a year or more. As soon as the 



sectiona are cut, they are picked up witli a needle or 
brush or fine forceps and carefnily floated upon warm 
water (40° C), when they will at once flatten out and 
become perfectly smootL The edge of one of the 
albuminized slides ig carefully dipped into the water 
and the section carefully floated up into place by oieaus 
of a needle. The slide is removed, the excess of water 
drained off, and the slide placed on top of the oven or 
iu an incubator (37° C.) for several hours, or the slide 
and aectioDS may be allowed to dry and may tlien be im- 
mersed in equal parts of alcohol and ether for an hour, 
which will coagulate tlie albumin and lix the section fafit 
to the slide. The slide is now immersed in xylol, tur- 
pentine, or benzol for a few minutes to dissolve off the 
paraffin. After this it is placed in absolute alcohol, 
after which it may be stained in whatever way desired. 
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FREEZING. 

This is a very rapid metliod of preparing sections. 
The tissues may either liave Ijcen fixed or may be per- 
fectly fresh. If fresh, they had best be fixed for an hour 
or so in 10^ of formalin in water. If they have already 
been fixed, they should be placed for an hour or more 
in water, in order to extract the alcohol, which would 
greatly retard the freezing. They are next placed in a 
thin sfilution of cane-sugar and gum arabic (2 gm. to 
100 CO.) in water, to which a small piece of camphor 
or thymol has been added to prevent the growth of 
mold, and allowed to remain for three or lour hours. 

While a little more troublesome to make, the follow- 
ing s>^)li]tion has several advantages over the plain gum 
and sugar : 
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Two stock solutions are made and kept on hand. 
(a) 

Cane-sugar 28.5 gm. 

Water 30 c.o. 

Boil, and while hot saturate with boracic acid ; cool and 
filter. 

Gum acacia 45.6 gm. 

Water (cold) 2400 c.c. 

When dissolved, add boracic acid to saturation by boil- 
ing ; cool and filter. 

For use: 

Solution a 4 parts. 

Solution 6 5 " 

Water 9 " 

Boil, and saturate with boracic acid; cool and filter 
through muslin. Tissues may be kept fi^r an indefinite 
time in this solution, and be ready to cut immediately. 
The pieces of tissue are then removed, placed upon 
the drum of the freezing microtome, a small quantity of 
gum solution added, and the ether spray or liquefied 
carbon dioxide turned on gradually until the whole 
mass begins to congeal. As soon as it becomes solid 
and of a dull luster, and before it turns hard and white, 
the sections should be rapidly cut, with the knife-^dge 
at right angles to the direction of movement. If the 
specimen chance to have been frozen too hard, it should 
be allowed to soften slightly for a moment before cutting 
the section, as if this is not done the sections may be 
imperfect and the knife-edge damaged. As soon as the 
sections are cut they should be placed in water, in order 
to expand as well as to dissolve out the gum. They 
may subsequently be stained by any one of the various 
methods. 



STAINING. 

Thin sectiona of tissue being very transparent and 
often highly and evenly refractive to light, it becomes 
advantageous to stain thorn, so as to produce a stronger 
and more easily studied image. Again, as difFerent 
elements of tissue and cells are of varying chemic 
composition, they are found to be differently affected by 
various stains, so that by a suitable selection of stains 
contrast effects may be produced which aid very ma- 
terially in distinguishing and studying closely associ- 
ated details. The number of methods of staining 
tissues which have been suggested and used is enor- 
mous. At present only one or two of the simpler but 
most generally useful can be given. 

Borax cannin is one of the most reliable and most 
easily handled of the stains, Grenacher's formula is 
as follows : 

C^min (No. 40) 1.35 gm. 

Borai 2 " 

Water 50 " 

Alcohol (70^) 50 " 

The borax, carmin, and hot water are rubbed thor- 
oughly in a mortar and allowed to cool. The alcohol 
is then added, and the whole allowed to stand for two 
or three weeks, and then filtered. This preparation is 
the stain best adapted to bulk daining, for which pur- 
ixise the previously. fixed and hardened pieces of tissue 
are immersed for three days. From this they are 
transferred directly into — 

Hjdroohloricacid (10J6) .... 4 o.o. 
Alcohol (70?S) 10(1 " 

where they should remain for forty-eight hours.- AYhen 
removed, the specimens should be of a bright, deep-red 
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color. They are next placed in 85^, 95 ^, and abso- 
lute alcohol for twenty- four hours each, after which 
they are ready for the solution immediately preceding 
the infiltration and embedding. 

If sections are to be stained, they should be placed in 
the fluid for half an hour, then in — 

Hydrochloric acid (pure) .... 5 c.c. 
Alcohol (70%) 100 " 

for from five to ten minutes, from which they should 
go into absolute alcohol and then into the clearing 
mixture. The borax carmin stains all parts of the 
tissue almost equally of a dull-red color, which would 
readily wash out. When, however, it is treated with 
the dilute HCl, the excess of stain is dissolved out, the 
nuclei remain more deeply stained than the rest of the 
tissue, and the stain is fixed permanently. A pleasing 
contrast staining results if a few crystals of picric acid 
are dissolved in the alcohol and used after the stain as 
well as in the final clearing medium. In this case the 
nuclei will remain a deep-red, whereas the cell-bodies 
and intercellular substances will assume a bright canary 
yellow. 

Mayer's paracarmin is made as follows : 

Carmlralc acid 1 gm. 

Aluminum chlorid 0.5 " 

Calcium chlorid 4 " 

Alcohol (70%) 100 c.c. 

Dissolve, warming if necessary ; cool and filter. 

This solution stains splendidly in bulk, and will pene- 
trate even better than borax carmin ; hence it can be 
used for large specimens. Sections stain in a few 
minutes, and need only be rinsed in 70 ^ alcohol before 
being dehydrated, cleared, and mounted. For bulk 
staining the specimen should remain in the stain from 
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one to ten days, according to its size and permeability, 
when it can be washed in 70 ^i alcohol, dehydrated and 
imbedded. ParacaPniin rarely overstains either tiasuea 
or Bections; but if such a condition should occur, the 
excess may be removed by adding 0,5^ ahiminum 
chlorid or 2.6^ glacial acetic acid to the 70^ alcohol 
when washing the specimens. Care should be taken 
n(»t to place objects iu the stain which have an albaiiue 
reaction. Any other failure with this stain can usually 
be tiyced to u poor quality of carraimic acid. 

Hematoxylin is of equal value and as extensively 
used. Delafidd's formula, while being a trifle more 
complex than some others, is still the most satisfactory : 

HematoxYlin 4 gm. 

Alcohol (absolute) 35 co. 

DisHolvi! BJul add 

Ammonia alum 52 gm. 

Water 4(>0 o.o. 

Allow the mixture to stand in the light for a week 
and then add 

Gljoerin 100 o.o. 

Methyl alcohol 100 " 

The whole mixture should be kept in the sunlight as 
much as possible for two weeks longer, when it is ready 
for use ; it will usually keep well for a year. If it 
becomes too strong and stains too rapidly, small quan- 
tities may be diluted to any requisite amount with dis- 
tilled water. 

For bulk sla'm'mg the stain is diluted until it is quite 
transparent, and pieces of fixed ti^ue are immersed in 
it until they become dark blue. As the stain varies 
very much in power from time to time, no definite 
length of time can be given. Ordinarily, however, the 
stain should be diluted until of such strength as will 
stain blocks well in twenty-four hours. Care should 
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Iw taken to avoid overstaining, but a trial or two will 
suffice to determine the dilution necessary. From the 
hematoxylin solution the tissues should be placed in an 
abundance of water, where they should remain with 
occasional agitation for forty-eight hours. From this 
they are transferred to increasing strengths of alcohol 
until absolute, embedded, and cut. 

Sections are placed in the solution for from three to 
fifteen minutes, according to the strength of the stain ; 
washed well in water from three to five minutes, then 
indbfo alcohol, then absolute alcohol, and next in the 
clearing medium. 

Mayer's hemalum can be used at once, and stains 
quite well in bulk, but does not keep so well as Dela- 
field's hematoxylin. 

(a) 

Hematein 1 gm. 

Alcohol (95 % ) 50 o.o. 

Dissolve by heating. 

(l)) Alum 50 gm. 

^ ^ Water 1000 o.c. 

Pour a into b ; filter, and add a crystal or two of 
thymol to prevent the growth of moulds. Sections after 
staining should be washed in distilled w^ter, and may 
be counterstained. 

For bulk staining the solution should be diluted with 
distilled water and the tissue immersed for twenty-four 
hours or more and washed in distilled water. It does 
not overstain. 

Acid hematoxylin is likewise an excellent stain and 
keeps well. Kulschitsky's formula is as follows : 

Hematoxylin (crystals) 1 gm. 

Alcohol (absolute) 20 o.o. 

Dissolve and add 

Acetic acid (2%) 100 o.o. 
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Sections should be stained in this fluid for from five 
to fifteen minutes, washed in water, and placed in a satu- 
rated solution of lithium carbonate iintil they assume a 
fine deep blue color, when they may be dehydrated, 
cleared, and mounted. 

Logwood and eosin staining, when combined, make 
one of the most pleasing combinations of stains. By 
this method nuclei are stained deep bine, while the 
cell-bodies and intercellular substances become a fine 
piuk to red, according to tlie depth of the eosin stain- 
ing. At the same time red blood-corpuscles assume a 
characteristic coppery-red tinge, which makes them very 
easily recognized. After the spedmen has been stained 
in the hematoxylin (by either of the above methods) and 
washed in water, it is placed for two minutes in — 



after whicli it is dehydrated, cleared, and mounted. 



DEHYDRATION OF SECTIONS, 

All sections which are to be finally mounted in 
Canada balsam must, after staining, be dehydrated. If 
this is not thoroughly accomplished, any trace of 
moisture remaining will precipitate the balsam, pro- 
ducing a cloudy mount. If some one of the clearing 
agents is used, such as clove oil or creasote, 95 ^ alco- 
hol may be used to dehydrate the specimen, otiicrwise 
absolute alcohol must be used. 

CLEARING. 
After the specimens have been stained and dehydrated 
they are subjected to the action of a clearing agent, the 
purpose of which is to remove tlie alcohol used in de- 
hydrating, to render the specimen transparent, to act as 
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a preservative, aud to afford a substance which will be 
readily miscible with the Canada balsam. 

Of these clearing agents there are many : Xylol, 
turpentine, creasote, clove oil, cedar oil, oil of bergamot, 
and, in fact, nearly all the essential oils may be used. 

Of these, creasote (which must be the best German 
beech wood variety) is most satisfactory for celloidin 
sections, as the celloidin is not attacked by it as it 
would be by clove oil. Creasote also clears well from 
95^ alcohol. 

Xylol, either pure or with the addition of half its 
weight of crystallized carbolic acid, makes an excellent 
clearing agent for paraffin sections, but requires very 
thorough dehydration. 

Oil of cloves is reliable and has the quality of dis- 
solving celloidin, which may be either desirable or not 
according to the case in hand. 

MOUNTING* 

If the sections are unattached to the slide, they 
should be lifted from the clearing agent by means of a 
section-lifter, which is gently slid under the section and 
lifted out of the fluid, the section meanwhile being held 
in place by means of a needle. The section is then 
gently slid off the lifter on to the center of a clean glass 
slide and the excess of clearing agent carefully removed 
by means of a clean piece of filter-paper. A drop of 
Canada balsam is placed on the center of the section 
and covered by a cover-glass, care being taken that just 
enough balsam is used to fill all the space between the 
cover-glass and slide, and at the same time to avoid air- 
bubbles. The paper-filtered balsam, which comes in 
collapsible tubes, or xylol balsam will be found to be the 
best agents for mounting specimens. The slide should 
be labeled at once, and may be examined or put away 
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iu a IwirizoLtal pusition for a few days, by which t.iuif 
tlie balsam will be quite well set so as to retaiu the cover- 
glass iu |X)sition. 

Damar may be used in the place of Canada balsam. 
It has the property of not rendering the specimens quite 
so transparent which in some cases will show more 
detail and is advantageous. It is used in the same 
mauner as the balsam, aud can l>e bought ready pre- 
pared; or it may be made by dissolving the gum in 
equal parts of benzine aud oU of turpentine until a thick 
consistency is reached. 

Farrant's solution also makes a convenient mount- 
ing medium for specimcus which have not been dehy- 
drated, as blood-cells fixed iu Hayem's solution, or sec- 
tions stained in picrocarraiu before they are placed in 
the final alcohol and clearing bath. 

Glycerin 50 c.c. 

Water M) " 

Gumarabio 50jrni. 

Dissolve the arsenous acid iu the water, then add the 
gum, and allow it to stand for several days. Next add 
the glycerin ; mix thoroughly, and filter through cloth. 
It is used in the same mauner as balsam, but only with 
objects M'hich have previously been iu M'ater or an 
aqueous solution. 

TABtnLAE ScHEMB OF PiiKPAKATioN OF Tissue to be Stained 
IN Bulk. 

1. Fix in one of the fixing siilntionB. 

2. WaBh in watar, according to fiiative used. 

Botox OirmiK. Hematoxylin. 

3. Borax camiin . . 3 daj-s. 3. Delafield's hema- 

toxylin .... 94 horns. 

4. Acid alcohol . . 3 " 4. Water 48 " 
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Borax Carmin. 

5. Alcohol (85%) . .24 hours. 

6. Alcohol (95%) . . 48 

7. Alcohol (absolute) 48 






u 
u 



If Embedded in Paraffin, 

a 1. Xylol, turpentiue, or chlo- 
roform until translucent 
— one to twelve hours. 
If chloroform is used, 
next to saturated solu- 
tion of paraffin in chloro- 
form twelve hours. 

a 2. Melted paraffin, two to 
eight hours. 

a 3. Cast block. 

a 4. Cut sections. 

a 5. Fix to slide with Mayer's 
albumin. 

a 6. Dissolve off paraffin, and 
clear with xylol. 

a 7. Mount with drop of Canada 
balsam. 



it 



Hematoxylin. 

5. Alcohol (70%) . .24hoiU8. 

6. Alcohol (85%) . . 34 

7. Alcohol (95%) . . 24 

8. Alcohol (absolute) 24 

If Embedded in CeRoidin. 

al. Alcohol and 

ether . . 24 to 48 hours. 

a 2. Thin celloidin . 24 

a 3. Thick celloidin 48 

a 4. Block, and allow to set. 

a 5. Chloroform or 

85% alcohol . 24 hours. 

a 6. Cut section. 

a 7. Place sections in abfiolute 
alcohol two minutes. 

a 8. Creasote, or other fixa- 
tive, three minutes. 

a 9. Place on slide with seo- 
tion-lifter and remove 
excess of solution, 
a 10. Drop of Canada balsam 
and cover-glass. 



Scheme op Preparation op Tissues by Paraffin Method, 

TO BE Stained in Sections. 

1. Fix and wash if fixative requires it. 

2. Dehydrate. 

3. Xylol, turpentine, chloroform, or alcohol and cedar oil until 

translucent, one to twelve hours. 

4. If chloroform has been chosen, into saturated solution of 
paraffin in chloroform. If alcohol and cedar oil, into pure 



cedar oil, for twelve hours in either case. 



5. 



Into melted (50° C.) paraffin at 51° C. to 52° C. for from two 
to eight hours. 

6. Cast, block, and trim it. 

7. Cut sections and float out on warm (40° C. ) water. 

8. Fix sections to slide with Mayer's albumin and dry thoroughly 

for several hours on top of oven or in incubator at 37° C. 
Slides may be stored away and kept indefinitely at this stage. 
When wanted for use, proceed with : 

9. Place slides in xylol, turpentine, or benzol, to dissolve off 

paraffin completely. 
10. Place slides in absolute alcohol for five minutes, from which 
they can enter alcoholic stains. When aqueous stains are to 
be used, they are best placed for a minute in 85% aloohol 
first. 



Scheme o 



Pbepabation of 

TO BB STAff 



1. Pis and wash it fixative requires it. 

2. Dehydrate. 

3. AImIioI and ether, twenty-Fonr to forty-eight honrs. 

4. Thin oelloidin, twenty-fonr honra. 
ft. Thick cclloidin, forty-eight hours. 

6. Block and allovr to set 

7. Place blooke in chloroform or 85% alcohol for twenty-four houra. 

8. Cnt fwctiona with knife wet with 85^ alcmhol. 

9. Sections may be kept indefinitely in ti5fe alcohol until ready to 

be stained. 



Scheme fob Staining SBonoNS with Bobax Cabmih. 

If celluidin section.H are used, tliey may be transferred 
directly from one solution to the other with needles. 
If the paraffin sections are fixed to the side, either a 
few drops of the various solutions may be placed upon 
the section in the center of the slide or the whole slide 
may be immersed in a small jar of the solutiuo, taking 
care to wijie off all excesa of :^olutioii each time a change 
is made, in order to avoid contaminating tlie succeeding 
solutions. 

1. Sections in borax carmin, half-honr. 

2. Five per oent. HCl in 70^ alcohol, from five tnOHeen minntett, 

or until they become bright and light red. 

3. Pure alcohol, which may contain a few erj'xtalH oF picric acid, 

4. Xylol, oreasote, or oil of clfiveB, whii'li niay alwl contain a little 

picric acid, three minutes. 

5. Canada balsam and uuver-glaas. 



ScHBMB FOB Staining Sections with DiOiAPrELD's 

HKMATllXyLlS AND EosiN. 

1. Section Into Delnfleld'H benmbixylin, from tliree to fifteen 

'2. Water, from three to five minutes. 

[i. (.Hie-haK of 1^ Holution of eoaiii in 70^5 aleohol, 



. Absolnt« alcohol, thre« minutes. 
5. Creaeote, xylol, or olove oil, three niin 
S. Monnt ia Canwla balsam oiid cover-gin 
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Scheme for Staining Sections in Acid HematoxyIiIK. 

1. Section in Kulschitsky's hematoxylin, from five to fifteen 

minutes. 

2. Rinse in water one minute. 

3. Saturated aqueous solution of lithium carbonate nntil it becomes 

clear deep blue. 

4. Absolute alcohol, three minutes. 

5. Creasote, xylol, or clove oil, three minutes. 

6. Mount in Canada balsam and cover-glass. 



BLOOD EXAMINATION* 

Fresh specimens of blood may be examined by 
simply placing a drop of blood on a slide and immedi- 
ately covering it with a cover-glass. The slide and 
cover should be perfectly clean, in order that the drop 
may diffuse evenly between them. A ^inch objective 
is all that will be required to show the general charac- 
teristics of the red cells, the formation of rouleaux, etc., 
but for the demonstration of the granules in the leuko- 
cytes and to well observe the ameboid movement a ^- 
inch oil -immersion lens will be required. 

If it is desired to prolong the observation, it is well 
to seal up the mount by painting around the edge with 
melted paraffin, which will prevent evaporation. 

The action of various reagents upon the cells may be 
watched by allowing a drop of the solution to difiiise 
slowly under the cover-glass from one comer, care being 
taken that none of the fluid is allowed to flow on the 
upper surface of the cover-glass. 

Blood-platelets may be examined by placing a drop 
of a 1 ^ solution of osmic acid on the tip of the finger 
and pricking the finger through this, so that the blood 
in escaping shall flow directly into and mix with the 
acid. In this way the platelets are immediately fixed, 
and can then be examined under a cover-glass at leisure. 

Fixed fluid preparations can be well made by 
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allowing the blrwd to drop directly into Hayeni's solu- 
tion contained in a conical beaker. Id twcDty-tour 
hours the rtd cells will be well fixed and will have 
settled to the bottom of the vej^ael. The fixing solution 
is now carefully poured off and water added, when the 
whole should be thoroughly stirred in order to wash the 
cells and rid them of any trace of the fixing solution. 
The cells are again allowed to settle, when some of 
them can be removed with a pipet and placed in a <1rop 
of glycerin on the slide and examined. The red ceils 
are exceedingly well preservwl by this method, but it is 
not snitalilc for studying the wliite cells. 

Hayem's SOlutioD has the following formula : 

Sodium chlorid _ . ■ . I f^rii. 

SfMiiunisulphuto 5 " 

Mercuric olilorid 0.5 " 

Water SOU c.o. 

At least one hundred times as much Hayem's solution 
as blood miLst be used. 

After the celts have been fixed and washed, they may 

be stained in bulk by adding a little cosin to the water 

and allowing it to stand for a few hours, again pouring 

off the stain, adding fresh water, and allowing to settle. 

Sections of the red cells may be obtained by ligatiug 

-t mall blood vessel at both ends and then placing it in 

h ng sol t on f om hit t eated tl e san e as 

J rd n rv t to I e u n paraffin Tl n sections 

I n b I n I ta 1 tl e< n th r 

It II 1 

Dned I sta ned films 1 {, e tl e n o=it 

t 1 t J 1^ tu a J in unts Tl e spnads 

a n de Ij t k g t }>e fectl lean co -glasses 

t I ng the ntor of one of them to a mall drop of 

blood an 1 mmeil at 1 n rt ng t o th oth n 

I a mann tlat tl 1 [. 1 llx)l { rt 1 a 
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thin even layer between the two. The covers are then 
at once did apart, taking care that no pressure is exerted 
upon them, as this would distort or destroy the cells. 
This will be most easily accomplished if the two covers 
are placed crosswise so that the comers of one project 
I beyond the edges of the other. The spread should be 

as thin as possible, so that the cells may be well sepa- 
rated from one another. 

After the spread has been made, it should be dried 
rapidly in air, when it is ready for one of the various 
methods of fixation. 

Fixation. — In order to stain well, blood as well as 
other tissues requires to be fixed. For a study of the 
red cells an immersion of the dried film in alcohol or a 
mixture of equal parts of ether and alcohol for an hour 
is all that is required. 

If the granules of the white cells are to be stained, 
the best fixative is heat. This is applied by placing 
the dried films in a small oven which is heated to 120° 
C. (248° F.) for twenty minutes and then allowed to 
cool gradually. 

Staining. — The red cells stain well in a few minutes 
with the ordinary 0.5^ solution of eosin in 70^ alco- 
hol. The specimen is then well rinsed in water, dried 
in air, and mounted with a drop of balsam. If it is 
desired to show the nuclei of the white cells as well, 
this staining may be preceded by a few minutes^ im- 
mersion in either of the hematoxylin stains ; or the two 
stains may be combined, as in the following formula of 
GoUasch : 

Eosin (crystals) 0.5 gm. 

Hematoxylin 2 ** 

Glycerin 

Absolute alcohol aa 100 c.c. 

Glacial acetic acid 10 ** 

Alum slight excess. 
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After mising, the solution should be kept in the sun- 
light as much as possible for a few weeks, wheu it will 
turn quite dark as it " ripens." When ready for use, 
it will stain spreads in from five to ten minutes, when 
the film should be well washed in water, dried in air, 
and mounted in balsam. If it is not desired to make a 
permanent preparation, however, the specimen, after 
rinsing, may be simply inverted upon a slide, the water 
removed from the upper surface by firmly blotting with 
a piece of filter-paper, and the specimen at once placed 
under the microscope. In ease it should dry, another 
drop of water may be placed under the cover-glass and 
the examination continued. 

With the foregoing mixture the red cells will be 
stained a coppery red, the eosinophile grannies of the 
white cells a bright red, and the nuclei bluish. 

The different types of white cells are best shown by 
Ehrlich's nentrophile mixture : 

S»tDmt*<i aqneouB solntiou, oraiigp 

G 130 to 135 O.C. 

Satnraled aqaeuDS solution, acid 

tnohsin 80 to 120 " 

Saturated aqueona aolution, methyl 

green 125 " 

Distilled water 300 " 

Absolute alcohol 200 " 

Glyceriu 100 

Mix the orange G,, acid fuchsin, water, and aleoliol 
slowly in a bottle, shaking gently, and then add the 
methyl green and then the glycerin. The mixture 
should stand for several weeks before Iwing used. 
Take the stain for use from the center of the bottle 
with a pipct, and avoid shaking or disturbing the solu- 
tion any more than absolutely necensary. 

To obtain the best results the smears should have 
been fixed by heat. Cover the sprea<l with a few drops 
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of the stain, and allow it to remain from three to fifteen 
minutes, according to the energy with which the stain 
acts ; rinse the film rapidly in water, and examine it at 
once or allow it to dry thoroughly in air, and then 
mount in balsam. The red cells will be stained orange 
to brownish red, the nuclei light bluish, the eosinophile 
granules bright red, the neutrophile granules purplish. 

The eosinophile granules may be intensely stained 
by covering the film with a saturated solution of eosin 
in glycerin and allowing it to remain for two hours, 
then rinsing in water, drying, and mounting in balsam. 

The basophile granules may be stained by immer- 
sion in the following solution for two hours, rinsing in 
water, drying between filter-paper, and mounting in 
balsam : 

Saturated solution of dahlia in gla- 
cial acetic acid 12.5 c.c. 

Absolute alcohol 50 ** 

Distilled water . 100 " 
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Auricle, 188 


Aoid oells, 100 


AxiB-cylinder, 59 


hematoxylin as stain, 340 


procws, 58, 206 


ataininK in sections with, 
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scheme for, 246 




Aoidophiles, 40 




Acini of salirary glande, 111 


BARTaoi.iN'a glands, 150 


Adenoid tiasae, 28 




diffuse, 79 


Basilar membrane, 193 


Adipose tissne, 27, 28 


BaakctcellR, 211 


Adrenal, SI 6 




Agminated follicles, 103 


Bellinian tnbnie, 119, 134 


Alcohol an fixative, 222 


Berlin bine as injeotiiin fluid, 


Alveolar dncts, 155, 156 




glands, 86 


Bertinian oolnmns, 117 


Alveoli, 111 


Bile copillariea, 108 


of Baliyaly glands, 111 


Bladder, 137 


Ameboid niovemeat, 73 


Blood, 69 


Ammonium biohromute att fixa- 


cella of, 72 






Amjloid bodies, 127 


plaques, 75 


ApiiendU vermifomiis, 100 


platelete, 75 


Aqueona hnmor, 170, 184 


supply, 124 


Arachnoid, 200 




Arbor vifjB, 308 


of stomach, 107 


Areolar tissue, 25 


of tongne, 93 


Arteriffi recte, 125, 126 




Arterial arcade, 134 


of, 76 


Arteries, 67 




Arterioles, 125 


fixation, 248 


Artery, belioene, 139 


Btainiug, 248 


hepatic, 108 






Bodies of Langerhans. 114 


Auditory canal, 188 


Body of epididymis, 132 


Anerbaob, plena of, 107 


of Highmore, 131 
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Bone, 34 

cancellated, 38 

compact, 34 

development of, 41 
intracartilaginons, 41 
intramembranous, 44 

Haversian systems of, 42 

spongy, 38 

transverse section of, 25 
Bone-cells, 38 
Bone-corpuscles, 38 
Borax carmin as stain, 237 

staining in sections with, 
scheme for, 245 
Bowman's capsoley 121 

glands, 199 

membrane, 171 
Bronchi, larger, 154 

terminal, 155 
Bronchial terminations, diagram 

of, 156 
Bnmner's glands, 104 
Budding, 21 

Bundle, anterior ground, 203 
Burdach's column, 204 



Cajal's cells, 212 
Calcification, primary, 41 
Calyces, 118 
Canaliculi, 37 
Capillaries, 68 

bile, 108 

interlobular, 108 
Capsule, 30, 216 

of Bowman, 121 

of Glisson, 108 
Cardiac muscle, 50 
Carmin, borax, as stain, 237 
staining in sections with, 
scheme for, 245 
Carmin-gelatin as injection fluid, 

227 
Cartilage, 29 

cellular, 32 

epiphyseal, 43 

hyaline, 29 

reticular, 31, 32 



Cartilage, white fibrinous, 32 

yellow elastic, 31, 32 
Cartilage-cells, 30 
Cell-body, 18 

division of, 22 
Cell-division by budding, 21 

direct, 21 

indirect, 21 

karyokinesis, 21 

karyomitosis, 21 

mitosis, 21 

modes of, 21 

resting stage, 21 
Celloidin embedding, 231 

method of staining in sections, 
schemes of preparation of 
tissues for, 245 

thick, 231 

thin, 231 
Cells, 17 

acid, 100 

basket, 211 

bone-, 38 

cartilage-, 30 

chief, 100 

columnar, 54 

cortical, 91 

daughter, 134 

development of, 23 

diagram of, 18 

fat-, 27 

ganglion, 62 

giant, 40 

glia, 206 

gustatory, 91 

hair, of ear, 194 

hejjatic, 108 

lymphoid, 79 

marrow, 39 

mast-, 74 

mastoid, 189 

migratory, 73 

mother, 134 

nerve-, 58 

neuroglia, 61 

of blood, 72 

of Cajal, 212 

of Claudius, 193 
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Cells of Deitere, 194 


Chromic acid an fixative, 222 


of Hensen, 194 




of neuroglia tiaane, 206 
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olfactorj, 198 


Ciliajy body, 180 


Drigin of, SO 


ring, 180 


OBtoogenetic, 34 


Ciliated epithelinra, 56 


pan-ntal, 133 




parietal, 100 
peptic, 100 




Clarke's column, a05 


ploaiua, 40 


ClandiuS, cells ot, 193 


prickle, 161 


Clearing agents, 241 


properties of, 19 


oreasole, 243 


Bpecialization of, 23 


oil of cloves, 242 


spermatCBenio, 134 


xylol, 242 


aijiianions, 53 


of specimens, 241 


sustentacular, 134, 197 


Clefts of Lautermann, 61 


tactile, B3 


Clitoris, 150 




Close skein, 21 


tc^meDt, 91 


Cochlea, 191 


tendon, 27 


longitudinal section of, 189 


tiniere<niiredforehange8in, 23 


membranous, 192 


C*il-3paoea, 37 


Colored corpnsclea, 70 


Cell-wall, 19 


action of reagents, 70 


&!lular cartilage, 32 


in other animals, 71 


Ceinentnm, 9:f, 95 


tuble Bhowing eixe of, in 






Central canal, 203 


Colorless corpuHolos, 72 


nervouB syHteni, 300 




vein, 108 


Columnar cells, 54 


Centroaome, 19 


Columna of Bertini, 117 


Cerebellar tract, direct, 204 


Conduotive epithelium, 66 


Cerebellum, 207 


Coni vaaoulosi, 132, 136 


cortex, scheme of, 211 


Conjunctiva, 189, 185 


Bcotion of, 208 


Connective tissue, 25 


Cerebral oortrjt, sohetne of, 3H 


Cornea, 170 


Cerebmm, 212 


Corneal spaces, 171 




Corona radiata, 145 


Cliief cells, 100 


Corpora amylaoea, 216 
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Corpus luleum, 145 


Chorda eqointt, 200 


(alao, 146 




true, 146 


Choroid, 1«9, 178 




coat, 178 


CorpnsclM, 70 


layera of, 178 


blood-, development ot, 64 


Chromatio grannies of Nisei, 906 


tone-, 38 


Chromic add as decalcifying 


eoloral, 70, See also Colored 


solution, 226 


H^^ 
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Corpuscles, colorless, 72 

colostrum, 152 

crenated, 71 

dust, 75 

genital, 63 
of Krause, 150 

of Hassall, 84 

of Meissner, 62 

of Vater, 63, 141 

Pacinian, 63 

red, 70. See also Colored Cor- 
puscles. 

shadow, 75 

tactile, of skin, 62 

third, 75 

white blood-, 72 
Corti, organ of, 193 
Cortical cells, 91 
Corneoscleral junction, 179 
Cowper's glands, 141 
Creasote as clearing agent, 242 
Crenated corpuscles, 71 
Crown of teeth, 93 
Crypts of Lieberkuhn, 102 
Crystals, blood, 75 

Teichraann^s, 76 
Cumulus ovigenis, 145 
Chitaneous system, 151 
Cytoplasm, 18, 53 



Damae, 243 

Daughter cells, 134 

D^bove's endothelium, 102 

Decalcification, 225 

Decalcifying solutions, 226 
chromic acid, 226 
nitric acid, 226 

phloroglucin, 226 
picric acid, 226 

Dehydration of sections, 229, 239 

Deiters, cells of, 194 

Delafield's formula for hema- 
toxylin stain, 239 
hematoxylin and eosin, 
scheme for staining in sec- 
tions with, 245 

**Delle^" 70 



Demilunes of Heldenbain, 112 
Dendrites, 58, 205 
Dental bulbs, 98 

ridge, 97 
Dentin, 45, 94 
Dentinal fibers, 97 

sheath, 94 

tubules, 94 
Descemet's endothellQm, 172 

membrane, 172 
Diast<er, 21 
Digestive tract, 90 
Discus proligerus, 145 
Ductus cochlearis, 192 
Duodenal glands, 104 
Duodenum, 103 
Dura mater, 200 
Dust corpuscles, 75 



Ear, 188 

external, 188 

internal, 190 

middle, 188 

stones, 191 

vestibule of, 190 
Ectoderm, 23 

Ejaculatory duct, 132, 136 
Eleidin, 161 
Embedding, 230 

celloidin, 231 

interstitial, 230 

paraflin, 233 
Enamel, 93, 94 

cuticle, 95 

organ, 99 

prisms, 94 
End-bulbs of Kranse, 63 
Endocardium, 69 
Endomysium, 48 
Endoneurium, 61 
End-organs, 62 
Endothelium, Descemet's, 172 

of D6bove, 102 
Entoderm, 23 
Eosinophiles, 40, 74 
Eosinophilic granules, 40 
Epiblast, 24 
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Epiblast, tisEnes originntinf' 


Female generative organs, 143 ^| 


from, 24 


urethra, 129 ^ 


Epidermis, 181 


Feoeatrated iuenil>raneotHenle, 


E^ididjmia, ISH 


67 


Epidural spaces, 200 


Ferrein'B pyramids, 117 


Epimjaiam, 48 


Fiber, dentinal, 97 


Epinearinm, 61 


gray, 61 




medullated, 59 


Epithelium, 53 


nonmediillated, 61 


absorptive, 57 


pale, 61 


ciliated, 56 


pcrforuting, of Sharpey, 38 


cnndnctive, 56 


radiating, of Miiller, 173 


{tfrmiiiul, 143 


Rcmak's, fil 


pavemeut, 56 


Fibne arcimt*, 171 


pTOpulsive, 56 


terminales, 200 


protective, 56 


FibnHMtftiliwe, white, 30 


seoretoiy, 57 


Filiform popiUffi, 90 




Filnm terminate, 200 


tranBitioual, 56 


Fissures, median, anterior, 203 




posterior, 203 


ErythroblastH, 40 


Fixation, 223 


EtjthroeyWa, 70. See also Col- 


Fuatives, 222 


ored Oorpuseli's. 


alcohol, 222 


EBOphaguB, 99 




fibrouH ooat of, 99 


chromic acid, 222 


mncoiiH coat ot, <t9 


Flemmins's solution, 224 




tormaldehyd, 323 


BubmuoouB coat ot, 99 


mercuric chlorid, 224 




Muller'saaid, 323 


Exoretopy duct, 103 


Orth's aolntion, 223 


En^laBm, 19 




Eye, 169 


Flemming's aulotion, 324 


anterior otuunher of, 1G9 


diagram of, 17(1 


Fovea centralis, 169, 177 


lymphatio Bpatea of, 172 


Freezing, 33.5 


nerves of, 172 




posterior chamber ot, 169 


203 


Eyclida, 185 


Fungiform papillte, 90 


Fallopian tultes, Hfi 


fiALL-BLAriDER, HO 


F^lse corpus luteiiin, 146 


Ganglia, 61 


FanBS ot teeth, 93 


Ganglion cells, 62 


Farrant'a solution, 243 


spiraliE, 194 




Generative organs, female, 143 


PuBt^culos COtlcotOB, 204 


male, 131 


finicilis, 204 


Genital corpuscles, 63 


Fut-cells,27 


of Krausc, 150 
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Oenital end-bnlbs, 160 
Germiiial epithelium, 143 

spot, 145 

vesicle, 145 
Giant cells, 40 
Glands, 87 

alveolar, 88 

Bninner's, 104 

Cowper's, 141 

duodenal, 104 

mammary, 151 

of Bartholin, 150 

of Littre, 129 

of Tyson, 137 

parotid, 110, 113 

pyloric, 101 

racemose, 88 

saccular, compound, 88 
simple, 88 

salivary, 110. See sklao Salivary 
Glands. 

sebaceous, 163 

sublingual, 110, 114 

submaxillary, 110, 115 

sudoriferous, 163 

sweat-, 163 

thyroid, 159 

tubular, coiled, 88 
compound, 88 
simple, 87 

types of, 87 
Glanduloe odoriferae, 137 
Glia cells, 206 
Glisson, capsule of, 108 
Globus major, 132 

minor, 132 
Glomeruli, 119, 122 

cochleae, 195 
Goll's column, 204 
Gowers' tract, 204 
Graafian follicles, 143 
Granules, chromatic, of Nisei, 
206 

chromophilic, 58 

eosinophilic, 40 

neutrophile, 40 

zymogen, 114 
Gray commissure, 202 



Gray oommiasare, anterior, 202 
posterior, 202 

matter of spinal oord, 202 

substance, 204 
Grenacher*8 formnla for borax 

oarmin stain, 237 
Ground bundle, ant^or, 203 

substance, 29, 30 
Gustatory cells, 91 



Hate, 164 
cells of ear, 194 
follicle, 166 

coats of, 166, 167 
root of, 165 
shaft of, 165 
layers of, 165, 166 
Hardening of specimen, 229 
Hassall's corpuscles, 84 
Haversian canals, 35 
lamelke, 35 
system, 35 
of adult bone, 42 
Haymen's solution, 247 
Heart, 69 
muscle, 50 
valves of, 69 
Heidenhain, demilunes Of, 112 
Helicene arteries, 139 
Hematin, 75 
Hematoblasts, 40 
Hematoidin, 76 

Hematoxylin, acid, as stain, 240 
staining in sections with, 
scheme for, 246 
and eosin, Delafield's, scheme 
for staining in secticms with, 
245 
as stain, 239 
Hemin, 76 
Hemoglobin, 70, 75 
Henle's fenestrated membrane, 
67 
layer, 167 
loop, 119 
ascending limb of, 119, 124 
descending limb of, 119, 124 
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Hensen, oella of, 194 


Kidney, labyrinth of, lift 


median line of, 4ti 


lymphatics of, 198 


Uepntie arterv, lOS 


nerves of, 126 


oellB,l()8 


pelvis of, 118, 136 


veins, 108 




Highmore, body ol, 131 
Hilnm of kidnej, 118 


of, 119 


sinus of, 118, 126 


HiatoloKy, deSnition of, 17 


spiral tubule of, 119, 123 


Hamora, aqueous, 1H4 


Krause's end-bulbs, 63 


vitreona, 185 


freuilal oorpttsclea, 150 


Huxlej'B layer, 167 


membrane, 48 


Ilvnline oartilBge, SO 


Kulsebiteky's formula for acid 




hematoxylin stuin, 940 


llyaloplaani, 18 




Hypoblast, 23 




tissue origiuating from, S4 


LABIA majora, 150 




minora, 150 




L,-tbyrintli, 11)0 


IN-KUNDIBUL«, 118, 155 


of kidney, 117 


liijeolion liQida, 227 


Lacrimal glands, 1«6 


Berlin Woe, 2®^ 


Lacteal, lii2 


carmiii-gelatin, 297 


Laouwe, 30, 36, 171 


InterK'"'*"!'^ spaces, 94 


LamelliB, 34 


Ititcrlobnlat arteries, 11)8, 135 




capiilAiieB, 108 




yein, 108, 126 


((round, 36 


Interstitial embntding, HSU 


HavttHian, 35 




interstitial, 36 


blood SDpply or, 107 


special, 35 


Uirge, 104 


tymponic, 192 






iiiuscnlnr coat of, 1(« 


Lantemion, clefts i^, 61 


nerves of, 107 


Large intestine, 104 


amall, 1U2 


Larynx, 154 




Lateral tract, ascending an tenor. 


lutralobular vein, HIS 


204 


Iris, 181 


cleHCcnding anterior, 904 


Ivory of Iteth, 93 


mixed, 904 




Lens, 169, 183 




stars, 184 


KARYOKINKSIS, 21 




diagram of stages of, 23 


Lenkocyt««, 72 


KaryoniitoeJB, 21 


Lieberkuhu, crypts of, 102 


Keratin, 163 




Kidney, 117 


Liquor tollioulj, 145 


<liiH!rsni (a, 121) 


sanguinis, 69 




Littre's glands, 129 


hilumof, 118 

17 


Liver, 107 
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Liver, lymphatics of, 109 
Logwood and eosin as stain, 

241 
Loop of llenle, 119. See also 

Henle^H Loop. 
Loose skein, 21 
Lungs, 155 

section of, 157 
Lymph, 79 

Lympluitic system, 78 
Lymphatics, 08 

perimirial, 79 

l^rivascuhir, 69, 79 
Lymph-cords, 81 
Lymph-follicles, 79 

capsule of, 79 
Lymph-glands, 80 

Ciipsule of, 80 

tniheculajof, 80 
Lymph-nodes, 80 
Lymphocytes, large, 73 

small, 73 
Lymphoid cells, 79 
Lymph-sinus, 81 
Lymph- vessels, 78 



Macula luteal, 168, 177 
Male generative organs, 131 

urethra, 128, 139 
Malpighian bodies, 83, 119 

pyramids, 117 
Mammary glands, 151 
Margariu, 28 
Marrow, 39 

cell, 40 

red, 39 

yellow, 40 
Mast-cells, 74 
Mastoid cells, 189 
Mastzellen, 40, 74 
Matrix, 29, 31, 167 
Mayer's albumin, 234 

hemalum, 240 

paracarmin, 238 
Median fissures, 203 
Mediastinum, 131 
Medullary cavity, 43 



Medullary rays, 117 

sheath, 60 
Meibomian glands, 185 
Meissner's corpuscles, 62 

plexus, 107 
Membrana vestibularis, 192 
Membrane, basement, 56, 87 

mucous, 87 

of Bowman, 171 

of Krause, 46 

serous, 85 
Mercuric chlorid as fixative, 224 

chlorid-aceticacid, 225 
Mesoblast, 23 

tissues originating from, 24 
Mesoderm, 23 
Metaplasm, 18 
Microcytes, 75 
Microsomes, 18 
Microtomes, 230 
"Migratory^* cells, 73 
Milk of mammary glands, 152 
Minute structures, 204 " 
Mitosis, 21 
Modiolus, 192 
Monaster, 21 
Mother cells, 134 
Mounting, 242 
Mouth, 80 
Mucin, 25 
Mucosa, 80 
Mucous membranes, 87 

tissue, 25 
Mil Her, radiating fibers of, 173 
Miiller's fluid, 223 
Muscle, 46 

heart, 50 

involuntary, 48 

nonstriated, 48 

plain, 48 

skeletal, 48 

smooth, 48 
nerve-endings in, 63 

striated, 46 

tabulated comparison of three 
types, 51 

voluntary, 46, 47 
nerve-endings in, 63 



1NDE.\. S5H ^H 


MnsculariH nmcosffi, 87 


ODClN-KlTiLAHTS, S)(i 


Myelin, 60 


Oil of elovea as olearinE agent, 


Myelofvtes, 40 


243 


Mveloplnx, «) 


Olfactory cells, 19fi 


M.vcicardiam, 69 


mnwna membrane, 197 




Ora serrate, 189, 177 






Nail, l(i7 




lidt, Ui7 


Osteoblaate, 43 


KnK>ve, 107 




Nasal umcoQH membrane, 197 


Ustet^enetiD oella, :!4 


Neck of teeth, 93 


layer of periosteum, 34 


Nurvp-cell, 68 


OtoEiths, 191 


Nene-endinga, 63 


Ovarian stroma, 143 


in smooth mnscle, 63 


Oi'ary, 143 


ill tendons, Gi 


blood Hupplvof, 146 


in volnntniy mnsoles, 63 


lymphatics of, 146 




tunica albnginea of, 143 


Nerves, .18, 59 


ext<?moi>f, 144 


ot inttHtine, 107 


interna of, 144 


Nervous sygt^ni, teutml, -JIK) 


Ovidiiots, Hfi 


Nenraxon, 2(H! 


Oviilfe Nabiithi, 140 


Neurilemma, HO 


Ovum, 33, 145 


Nearo-epithelinm, fi7 




Neuroglia, 61 




cells, 61 


Pacchionian bodies, 201 


tiWe, 300 


Puciniiui mirpnscles, 63 


Neuron, 58 


Pancreas, 110, 113 


N»utr<>philB grannies, 40 


Papilla!, Rirouiuvnllatc, 90 




llliform,89 


Nisei, ohromntjc granules of, 


fungiform, 89 


•m 


of tongue, 69 


Nitric acid as deealcifving solu- 


Parablast, 23 


tioI^22(t 


tissues originating from, 25 




Paraffin emlieddinB, 233 


solntioii, 2-2l\ 


method of staining in sections, 


Nodes of Ranvier.fiO 


Bi-heme ot preparation of tis- 


Nomiiednllttted fll-rs, (il 


sue for, 244 


Nucleur matrix, 19 


Pnrietal cells, IW, 133 


niemhrane, 1!) 
network 19 


Pai-otidHlaiid, 110, 113 


ParovBrium, 1-lfi 


Nuclei, 60 




NuoIeoH, 58 


I'enw, 137 


Nucleolus, 19 


tunica albnginea of, 138 


NucteoB, 19 


Peptic oells, 100 


diviaion of, 22 




spheroid, 58 


Perichondrium. 29 


Nuel's sptioee, 194 


cellular layer of, 29 
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Perichondrium, fibrous laverof, 

29 
Perimysium, 48 
Perineuria! lymphatics, 70 
Perineurium, 61 
Periodontal membrane, 96 
Periosteum, 34 

cellular layer of, 34 

inner layer of, 34 

osteogenetic layer of, 34 

outer fibrous layer of, 34 
I*erivascular lymphatics, 69, 79 
Petit, canal of, 184 
Peyer's patches, 103 
Pfliiger's salivary tubes. 111 
Phagocytes, 74 
Pia maUT, 201 

Picric acid as decalcifying solu- 
tion, 226 
in borax camiin staining, 
238 
Pineal body, 216 
Pinna, 188 
Pituitary body, 215 
Plaques, ])lood, 75 
Plasma, 69 

cells, 40 
Platelets, blood, 75 
Pleura, 156 
Plexus of Auerbach, 107 

of Meissner, 107 

terminal, 62 
Polymorphonuclear n e u t r o - 

philes, 73 
Portal canals, 109 



vem, 108 



Potassium bichromate as fixa- 
tive, 222 

Prickle cells, 161 

Primary bundles, 37 
calcification, 41 
columns of spinal cord, 203 
germ layers, 23 

tissues originating from, 
24 

Primordial ova, 143 

Propulsive epithelium, 56 

Prostate, 140 



Prostatic concretions, 137, 140 
Protective epithelium, 26 
Protoplasm, 18 
Pseudopod, 73 
Pseudostomata, 86 
Pulp of teeth, 93, 96 
Pulp-cavity of teeth, 93 
Purkinje's cells, layer of, 210 
Pyloric glands, 101 
Pyramidal tract, crossed, 204 

direct, 203 
Pyramids of Ferrein, 117 

of Malpighi, 117 



Racemose glands, 88 

Radiating fibers of Miiller, 173 

lianvier's nodes, 60 

Rectal valves, 104 

Rectores piloruni, 167 

Red corpuscles, 70. See also 

Colored Corpuscles. 
Reissner's membrane, 192 
Remak's fiber, 61 
Respiratory mucous membrane 
197 

system, 154 
Resting stage, 21 
Rete mucosum, 161 

testis, 131 

tubules of, 136 
Reticular cartilage, 31, 32 

process, 207 
Retiform tissue, 28, 79 
Retina, 169, 172 

blood supply of, 178 

diagram of, 174 

proper, 172 

la-yers of, 172, 175 

section of, 173 
Reverse procedure, 22 
" Ribbon " sectioning, 234 
Rosenmiiller, organ of, 146 



Saccitlab glands, 88 
Salivary glands, 110 
abdominal, 113 
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Saiivnrv clamls, ncini <,t. 111 


Special iiation of cella, 23 


aWeolioF, 111 


Spermatic dncts, 136 


blood Bopply of, 113 




ducts of, 110 






Spermatozon^ 135 


mixed, 112 


Spheroid nw^leua, 58 


nmtwits. 111 


Spinal cord, 200 


nerves of, 113 


gray matter of, 202 


Beroranooiis, 112 


Innibor section of, 305 


serous, 111 


primary oolnnmB of, 203 


tnbeaof Pfluger, 111 


wpondary coinmus of, 203 


Sareoleiunia, 4« 


white matter of, 202 


Sareoplaam, 49 


Spindles, tendoD, 64 








192 


Sartoli'B oolnmnB, 131 


tube, 192 


Soala media, 197 




tjmpani, 192 


Spleen, '82 


veatibuli, 192 


blood-veaeela of, 83 


Schleiiim'B cnnal, IHl 


□apsnte oE, 83 






W) 


section from surtaco ol, 83 


Sokra, 16!), 179 




layers of, 179, 180 




SebaoBouB elanifa, 163 


Squamous cells, 63 




Staining, 237 


oalnmns of Rpinal cord, 20:! 


in bnlk, tabalar scheme of 


Sisretory epitheliam, 57 


preparation of tiaane for. 


Sfctioning, 229 


243 


free-hand, 230 


in sections liy oelloidin 


ribbon, 23.1 


method, scheme oE prep- 




aration of tiBBue tor, 245 


241 


by paraffin method, Bollenie 


Semen, 137 


of preparation of tissue 


Seniiciniular oonals, 190 


for, 244 


.Septum lingnalfe, 91 


with acid hematoxrlin, 


Se.roas cavities, 86 


scheme for, 246 


menibnuie, U5 


with borax carmin, scheme 




lor, 245 




with DelaGelii'H hematoxy- 


38 


lin and eoein, scheme for, 




245 


Skein, olose, 21 


Stains, 237 


loose, 21 


borai carmin, 237 


Skin, 161 


hematorj-liu, 239 


Small intestine, 102 


acid, 240 


Sole plate, 64 


logwood and eosin, 241 


Solitary folUoleB, 102 


Stenoon'B duct, 113 
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Stigmala, 68 
Stomach. UiO 

blcKjd supply of, 107 

canliac end of, 100 

maooos coat <^, 100 

niuaealar coat of, 101 

pyloric end of, 101 

serouj) coat of, 101 

submiioons ooat of, 101 
Stomata, HO 
Stones, ear, 191 
Stratified epitheliam, 56 
Stratum comeum, 162 

granulosum, 145, 161 

lucid um, 162 

Malpighii, 161 

papilla;, 163 

reticulare, 163 
Stroma of choroid, 178 

ovarian, 143 
Sul>arachnoidean spaces, 201 
Subdural spaces, 200 
Sublingual glands, 110, 114 
Sublobular veins, 108 
Submaxillary gland, 110, 115 
Subraucosa, 90 
Substantia gelatinosa liolandi, 

207 
Sudoriferous glands, 163 
Suprarenal body, 216 
Suspensory ligament, 184 
Sustentacular cells, 134, 197 
Sweat-glands, 163 



Tactile cells, 62 
compound, 62 

corpuscles of skin, 62 
Taste-buds, 91 
Teasing, 221 
Technic, 221 
Teeth, 93 

crown of, 93 

development of, 97 

fang of, 93 

ivory of, 93 

ntK)k of, 93 

pulp of, 93, 96 



' Teeth, pulp-cavity of, 93 
Tegment cells, 91 
Teichmann's crystala, 76 
TendoD, 26 
cells, 27 

nerve-endings in, 64 
spindles, 64 
Terminal plexuses, 62 
Testicle, 131 
tubule of, 134 
tunica albuginea of, 131 
vertical section of, 132 
Theca folliculi, 144 
Third corpuscles, 75 
Thoracic duct, 78 
Thymus, 84 
Thyroid, 159 
Tissue, 24 
adenoid, 28 
adipose, 27, 28 
areola, 25 
connective, 25 
diffuse adenoid, 79 
erectile, section of, 138 
mucous, 25 
originating from primary 

germ layers, 24 
retiform, 28, 79 
to be stained in bulk, tabular 
scheme of preparation of, 
243 
in sections by celloidin 
method, scheme of 
preparation of, 245 
by paraffin method, 
scheme of preparation 
of, 244 
white fibrous, 25, 26 
yellow elastic, 27 
Tongue, 90 

blood-supply of, 92 
lymphatics of, 92 
mucous membrane of, 92 
papillae of, 90 
Tonsils, 85 
Tooth-pulp, 93, 96 
Trachea, 154 
Transitional epithelium, 56 
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True corpna lutenm, US 


Vein, hepatic, 108 ^H 


Tabular glands, 75. Bee also 


interlobalar, 108, 126 ^M 


Glands, I'ubalar. 


intralobular, 108 ^H 


Tunica adveutiitia, C>1 


portal, 108 ^H 


albogiDea of ovnrj, 143 




of peniH, 138 


Vensg atellx, 126 ^H 


of testicle, 131 


Vesicula semioalis, 133 ^H 


externa of ovary, 144 


Vestibule of ear, 190 ^H 


interna of ovury, 144 


VUli ot small intestine, 102 ^H 






media, 67 


Vitellua, 145 ^H 


vaginalis, 131 


Vitreous hnnior, 170, 185 ^^M 




Volkinann's canals, 36 ^H 


Tiirok'Hcolnmn, 2113 


^M 


Tjmpanio cavity, 1H9 




Inmella, 193 


WBARTnN'nduct, 115 ^^| 




Wliit£ blood-cella, T2 ^H 


T^n' 8 glands, 137 


fibrocartilage, 30, 32 ^H 




fibrona tissue, 25, 36 ^H 




matter ot spinal cord, 202 


Uesteks, 126 


substance, 207 


Uretlira, 128, 138 


of Schwann, BO 


female, 129 


Wolffian body, 136 


maie, 138. 13'J 


duet, 146 


Urinary bladder, 127 


Wrpotb, 21 


tract, 117 




UrinileroBS tubulM, US 




UteniB, 147 


Xylol as clraring agent, 242 


blwKl-vpftwIs of, 14!l 




coals ot, 147, 14H 




lynipliatioB of, 149 


Yellow elastic cartilage, 31, 




tisi^ue, 27 


Vagina, 149 




blood-veasela of, U9 






Zenker's fluid. 225 


TaivM of heart, 09 


Zinn, zone of, IA4 


of thoracic duct, 78 


Zona fascicu lata. 316 


rectal, 104 


glomerulosa, 216 


Valvtilffi oonniventea, 102 




Vaa deferens, las, 13fi 


pellncida, 145 




reticuUris, 317 


recto, 131 


apongioaa, 207 


vaBorum, 68 


U-ota, ISKJ 


VnintilBr system, <iii 


temiinalis, 307 


Vater, corpuscli^ of, 63 


ZoncofZinn, 184 


Vein, 68 


Zonula ci liar is, 184 


central, 108 


Zymogen granules, 114 
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ordinary facilities for disposing of large editions enable us to ili 
a large amount of money to the perfecting of every detail ii 
manufacture •<( t.ooks- 

A Complete Catalogue of our Publication! vrtll be Sent upon Requert 1 
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Bickham's 
Operative Surgery 



I 

i. 

! A New Work — Just Issued 



:' A Text-Book of Operative Surgery. Covering the Si 

I gical Anatomy and Operative Technic involved in the Opei 

j! tions of General Surgery. For Students and Practitioners. ] 

Warren Stone Bickham, M. D., Assistant Instructor in Opei 

tive Surgery, Columbia University (College of Physicians ai 

Surgeons), New York. Handsome octavo of about looo page 

!. with 560 beautiful illustrations, nearly all original. Cloth, goj 

net; Sheep or Half JNIorocco, $0.00 net. 



■ WITH 560 BEAUTIFUL ILLUSTRATIONS. NEARLY ALL 

ORIGINAL 

This absolutely new work completely covers the surgical anatomy ai 
I operative technic involved in the operations of general surgery. Constnicti 

on thoroughly new lines, the discussion of the subject is remarkably s) 
I tcmatized and arranged in a manner entirely original. Being the work of 

i teacher of extensive experience, who, as such, is thoroughly familiar wi 

tlie wants of students and general practitioners, the book is eminently pra 
lical and the subject treated in such a manner as to render its comprehensi( 
most easy. This practicability of the work is particularly emphasized in tl 
numerous magnificent illustrations which form a useful and striking featur 
There are some 560 of them. All have been drawn especially for this boo] 
j, i|: and they depict the pathologic conditions and the progressive steps in tl 

: i '; various operations detailed with unusual fidelity, their artistic and mechai 

: i:|j ical excellence being of the highest standard. The text has been brougl 

I ' ,!' ' precisely down to the present day, all the recent advances along the lir 

I ''5 ■ of technic having been fully discussed and elucidated with many illustr 

\ \. ; lions. A ilistinguishing and extremely useful feature is the treatment of tl 

1 i anatomic side of the subject in connection with the operative technic. Ana 

i ' omy of the iuiman body is of the utmost importance in the practical applies 

'1 tion of operative surgery, for unless the' surgeon know the exact locatic 

\\i\ of the various muscles, bones, etc., he will cause unnecessary destructic 

' '' ;' of tissue, and perhaps irreparable injury. The illustrations will be foun 

j of parlicuhir assistance in acquiring this essential knowledge, the muscle 

■'u lK)nes, etc., being clearly indicated, together with the lines of incisioi 

Altogether, the work will be found thorough, complete, and unequale 
^ong works of its kind. 
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Eisendrath's J 

Clinical Anatomy I 

A New Work — Just Issued ^ 

A Text-Book of Clinical Anatomy. Ijy Damkl N. Ejsen-I 
DKATH, A, B., M. n.. Professor of Clinical Anatomy, MedicdJ 
Dt:])artment of the University of Illinois (College of PhysiiJania 
and Surgeons), Chicago ; Attending Snrgeon to the Cook CountyJ 
Hosiiital, etc. Handsome octavo of 520 jiages, with 153 illit9^ 
trations, many original. Cloth, go. 00 net; Sheep or Hal£fl 
Morocco, $0.00 net. 1 

WITH MANY BEAUTIFUL ORIGINAL ILLUSTRATIONS I 

The subject of analomy, ond especially clinical anatom}-, is so closeM 

allieil to practical medicine and sargery thai it ia nbiiolulelj imposEible fi^H 

a physician or surgeon tn pmclise his pmressiijii successfully unless lie hav^| 

an inlimale knowledge o\ Ibe human siruclurc. This work is intended |J 

s«rve S!: a guide and reference bnok to tbe general practitioner as well as jB 

tenl-book for the student. It treat.s of practical anatomy— anatomy whit^fl 

it is necessary for tbe physician Lo have al his certain conimand at the be^| 

side, in the clinic, and in the npcratlag room. The entire subject is diJB 

cussed with the thoruu^hncss nnd preciseness that a^^ring fiom experiencttH 

and the author's style is clear and concise. The metliud of illustrating llk^| 

subject is mivel, especial altenlion being given to surface annlomy. TlnJ 

illustrations Iheinselves ate the result of a great deal of painstaking studnl 

I the great majority nf them being from new and original 'Irawings and pbotoiS 

gmjibs. They are reproduced fn the highest style of art, and show fad 

I beller Ihln those in any similar work the relation of anatomic s1ructuiB^| 

I from a clinical standpoint, presenting to the student a picture of aiialonilB 

. as he meets it at Ibe bedside, with the skin covering the ti.^ue. A portioiM 

' of each chapter is devoted to the examination of the living tlirougb palptt^ 

lion and marking of surface outlines of landmarks, vessels, nerves, thoradcfl 

and »l>di)niina1 viscera. For Ibe student and piacticiouer alike, the woricj 

k will lie found unrivaled, _■ 
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Barton and Well^' 
Medical Thesaurus 

A NEW WORK— JUST ISSUED 



A Thesaurus of Medical Words and Phrases. By Wil- 
FRi:i) M. Harton, a. M., M. D., Assistant to Professor of Materia 
Medica and Therapeutics, and Lecturer on Pharmacy, George- 
town University, Washington, D. C. ; and Walter A. Wells 
M. I)., Demonstrator of laryngology and Rhinology, George- 
town University, Washington, D. C. Handsome octavo of 
about 650 pages. Cloth, ;go.oo net; Sheep or Half Morocco 
$0.00 net. 

THE ONLY MEDICAL THESAURUS EVER PUBLISHED 

This work is the only Medical Thesaurus ever published. It aims to 
perform for medical literaUire the same services which Roget's work has 
done for literature in general ; that is, instead of, as an ordinary dictionary 
does, supplying the meaning to given words, it reverses the process and 
when the meaning or idea is in the mind, it endeavor-, to supply the fitting 
term or phrase to express that idea. To obviate con.-tant reference to a 
lexicon to discover the meaning of terms, brief definitions are given before 
each word. In the matter of synonyms of technical words the authors 
have performed for medical science a service never before attempted. 
Writers and .speakers desiring to avoid unplea.sant repetition of words will 
find this feature of the work of invaluable service. Indeed, this Thesaurus 
of medical terms and phrases will be found of inestimable value to all 
persons who are called upon to state or explain any subject in the technical 
language of medicine. To this class belong not only teachers in medical 
colleges and authors of medical books, but also every member of the i)ro- 
fession who at some time mny be required to deliver an address, state his 
experience before a medical society, contribute to the medical press, or give 
testimony before a court as an expert witness. 
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International H 

Text-Book of Surgery ™ 

Second Edition, Thoroughly Revised and Enlarged 



The International Text-Book of Surgery. In two vol- 
umes. l!y Aiueriuiri and liriUsh aiithoi>, tldiicil hy J. Coi.i.rNS 
U AKKKN, M. \>., LI.. II.. 1-. k. C. -S. (Hon,), 1'rofvs.sor of Siir- 
gury. Harvard Mcdtial School ; and A. Pf.akce (lOLH.n, M. S., 
V. R. C. S., of I^iidon, Kngland. -Vol. I. Ceiifial •inJ O/vra- 
tive Surgery. Royal octavo, 975 jages, 461 illustrations, 9 full- 
page colored plates. — Vol. II, Special or Regional Surgery. 
Royal ot-tavo, iiaa pages, 499 ill astral ions, and 8 fiill-|>age 
colored plates. Per volume: Cloth. J5. 00 nel ; Half Moroico. 
S6,0Q net. 

ADOPTED BY THE U. S. ARMY 

In thi> new cditioii llii^ rulltc Ixxik has Itven cirefutly revised, and spn^jnl 
rfliiTi has been mode lobmifllic work down to ihc present day, Thrchoplcri 
on Military and Navnl Sui^ery liavr been very carefully resiied ami enleii- 
sivdy rewrillen in tlic light o\ the knr>w1«l|;e gained during the recent vrari. 
The article<tnTi Ihe rflKi u|mt thr human body of the vnrlons kiodsuf bullela, 
and ihe reMill* of siirgi^ in Ihe fipl'l Brc bnsetl on llie latest reports of the 
surgeiHis in the field. Thr ehnWer on Discnses of the Lymphatic Syjlem hat 
hvvn coraiilelply rrwrillnn anil iinmglil up to dale ; and nf s|>cciiil intefest U 
Ihe chnptcr nn the Spleen, The already ni.inct..n- nnd bcnuliful irinslralions 
have been greotly inrrcas«l. con^iUlutlne n valuable feature, especinliy so the 
seventeen colored lilliii|{ruphic plates. 



OPINIONS or THE MEDICAL PRESS 

Annnli of Surgery 

Boiton ML-dii.i,! i,nd SvM,i.,i,l J.iiiroal 

■ml *iiha»cc smlir the vahit ii( lb* wurk, TIh liiiuk !• a ihvniiHihl)' oiiujBni dm. 
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American 
Text-Book of Surgery 



American Text-Book of Surgery. Edited by William 
W. Kf.kn, M. I).. LL. I)., !■. R. C. S. (Hon.), Professor of the 

Principles of Surgerj- and of Ciinital Surgery, Jefferson Medical 
Coliejfe, Philadelphia; and J. William White, M. D., Ph. D., 
John Rhea Barton Professor of Surgery, University of Pennsyl- 
vania. Handsome octavo, 1230 Images, with 496 wood-cuts in 
the te.xt and 37 colored and half-tone plates. Cloth, JI7.00 net: 
Sheep or Half Morocco, SS.oo net. 

FOURTH REVISED EDITION. ENLARGED—JUST ISSUED 

Of Ihc three formtr editions of this book there have been sold over 37.500 
copies. This and ils adoption as a text-book in eighty-five medical colleges 
have fiimi^icd a stimulus to the authors (o keep the work ubreast of the times 
by another careful revision. This has been accomplished by a vigorous 
scrutiny of all ihe old loaller, by (he enlai^ement of several sections, by ilie 
addition of new illus(r:itiuns, and by the introduction of Che many new topics 
that have come to (he front in the surgery of to-day. Among the new topics 
introduced are a full consideration of se rum- therapy ; leakocylosis ; pos<- 
o[)eralive insanity;^ KrOnlcin's method of locating the cerebral fissures; 
" " ' "' ' ' " ingenital di.ilocstions of the hip ; Allis' 
■ '--'— ' -' ; the fore" ■ 
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.lease ; the use of Kelly's rectal specula ; 
ia ; Krause's method of skin-grafting, etc. 
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Scudder*s 
Treatment of Fractures 



The Treatment of Fractures. By Charles I,. ScudderJ 
M. D., Assistant in Clinii-al and Operative Siirgerj', 
Medical Suhool ; Surgeon to ihe Oiit-ralient Department of thi 
Massachusetts General Hospital, Boston. Handsome octav^ 
volume of 485 images, with 645 original illustrations. Polishee 
buckram, 54. 50 net ; Half Morori o. Ssso nti. 

THE THIRD LARGE EDITION IN TWO YEARS 

In this edition several new fractures have been de»;ribpd. and nt 
lent chapter on Gunshot Fractures of the long bones has been added, 
reports of surgeons in the field during the recent wars have been ci 
digested, and the important facts regarding fractures produced by Ihe s 
caliber bullet have been here concisely presented. In many instances 
tographs have been substituted for drawings, and The uses of plastet-orraris 
as a splint- material have been more fully illustrated. In the treatmei 
reader is not only told, but is shmcm, how to apply apparatus, for as I 
possible all the details are illustrated, litis elalximle and cumplete 
of illustrations cunstitules a feature of the book. Tliere are 645 of then 
all from new and original dmwings and reproduced in the liighcsi 
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WUUun T. Bull. M. D.. 



Joseph D. Bryant. M. D., 



n 1/ Surgiry, Unititriily and B. 



I AmericMi Jounial of the Medkkl Scleacei 
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DaCostaV 

Modern Surgery 



Modern Surgery — General and Operative. By John 
Chalmers DaCosta, M. I)., Professor of the Principles of Sur- 
^ gery and of Clinical Surgery in the Jefferson Medical College, 

^ Philadelphia; Surgeon to Philadelphia Hospital and to St. 

j Joseph's Hospital, Philadelphia. Handsome octavo volume 

of 1 1 17 pages, copiously illustrated. Cloth, ;?5.oo net; Sheep 
or Half Morocco, $6.00 net. 



;| FOURTH REVISED EDITION— JUST ISSUED 

Thoroughly Revised, Entirely Reset, and Greatly Enlarged 

The remarkable success attending DaCosta' s Manual of Surgery, and the 
general favor with which it has been received, have led the author in this 
revision to produce a complete treatise on modern surgery along the same 
lines that made the former editions so successful. The book has been 
entirely rewritten and very much enlarged in this edition. It has been 
increased in size by new matter to the extent of over 200 pages, and con- 
tains more than 100 handsome new illustrations, making a total of 439 
beautiful cuts in the text. The old editions of this excellent work have long 
been favorites, not only with students and teachers, but also with practising 
physicians and surgeons, and it is believed that the present W(#rk, presenting, 
as it does, the latest advances in the science and art of surgery, will find an 
even wider field of usefulness. 
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The Lancet, London 

" We may congratulate Dr. DaCosta in the success of his attempt. . . . We can rec- 
ommend the work as a text-book well suited to students." 

The Medical Record, New York 

"The work throughout is notable for its conciseness. Redundance of language and 
padding have been scrupulotisly avoided, while at the same time it contains a sufficient 
amoiuit of information to fulfil the object aimed at by its author — namely, a text-book for 
the tise of the student and the busy practitioner." 
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Senn's 
Practical Surgery 




Practical Surgery. A Work for the General PraciitionCTj 
By Nicholas Senn, M. D., Ph. D., LL. D., Professor of Surgery^ 
in Rush Medical Coilege, Chicago ; Piofessor of Surgery in ihe 
Chicago Polyclinic; Attending Surgeon to the Presbyterian 
Hospital, etc. Handsome octavo volume of 11,^3 Iiages, with 
650 illustrations, many of iheni in colors. Cloih, JI6.00 net J 
Sheep or Half Morocco, J7.00 net. Sold by Subscripiwn. ■ 

DR. SENN'S GREAT WORK 

Baied on Hii Operative Experience of 25 Yean 



Thi 



lis wiirk represents llie praclkal ojitralise csijuiiciicc ui 
St Iweiily-five yeari. Tlie book deals nitli prailifal s 



if Ihe 



ulhor of 
the last Iweiily-five year*, "flie book deals nitli praiLical subjects, and its 
cniitenta are devotnt 10 Ihnse sections of surgery that arc o( speciol inlerral 
to tile general praelilioner. Special altenlioii js pnril In eiiiei^eniy suiEcry. 
Sliiick, lieni<irrliat>e, ntiil wound treatment are fully considered. All emci^- 
eiicy oper.iii.pii. iL.u i-.ijm- uiiilfr tlie care of the geneml praniilioncr are 
describe.! in ^■■^M lu.l lullv illustrated. Tlie seclion on Military Su^eiy 
is based hei iii<- .iiiiU'i'- < «ii'>rieMoe as chief nf the operating stalT in the 
field duriiif; ili< Sji-uii-li Ai.R-ricnn War, and on his observations during the 
Grcco-Turkinb Win. li.Liz,L]iial Surgery is given a prominent place, and the 
cotiaidcratioii uf tliis subject is (he tei^uU of Ihe clinitsl fnpericnce of the 
autliur as sarjjeun and lencher of surgCT? fur a quarter of a century. The 
text is profusely illustrated. 
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McClellan's Art Anatom^^ 



] p Anatomy in its Relation to Art. An Exposition of th 

■ jj Bones and Muscles of the Human Body, with Reference t 

j. their Influence upon its Actions and External Form. B 

\ Geo. McClellan, M. D., Professor of Anatomy, Penna. Acac 

I •* emy of the Fine Arts. Handsome quarto, 9 by ii^^ inchei 

H- 338 original drawings and photographs; 260 pages of texl 
Dark-blue Vellum, ;gio.oo net ; Half Russia, ;g 12.00 net. 



JUST ISSUED 



M This is an exhaustive work on the structure of the human body as 

, affects the external form. It will be of especial value to the physiciar 

J|.|;| I because nowhere else can he find so complete a consideration of surfac 

■' anatomy. Those interested in athletics and physical training will fin 

:] reliable information in this book. 

j Howard Pyle, 

,g. In the Philadelphia Medical Journal. 

iji " The book is one of the best and the most thorough text-books of artistic anatom 

% which it has been the writer's fortune to fall upon, and, as a text-book, it ought to mak 

fe! its way into the field for which it is intended." 



McClellan's 
Regional Anatomy 

:;' ' i Regional Anatomy in its Relations to Medicine anc 

Surgery. By George McClellan, M. D., Professor of Anat 

omy, Pennsylvania Academy of the Fine Arts. Two handsome 

jiii;! |i quartos, 884 pages of text; 97 full-page chromolithographi< 

jl \ plates, reproducing the author's original dissections. Cloth 

[ ;t; $12.00 net; Half Russia, $15.00 net. 

FOURTH REVISED EDITION 



■ '\ In this well-known work, by a marvelous series of colored lithographs 

the exact appearances of the dissected parts of the body are reproduced 
enabling the reader to examine the anatomic relations with as much accu 
racy and satisfaction as if he had the actual subject before him. 



W British Medical Journal 

:|m \ "The illustrations are perfectly correct anatomical studies, and do not reproduce th 

•/:// .0 inaccuracies which experience has taught us to look for in works of a similar kind. Som 

u/ if of the plates, especially those of the anatomy of the chest, are of great excellence." 



- SUJ^UENY AA'D ANATOMY 



Illustrated Dictionary 

Third Revised Edition— Just Issued 
The American Illustrated Medical Dictionary. 

t'. A, Nkwman DoRL.ANii, M. D. Large octavo, 798 p, 
"Itxible leather, $4.50 net; wilh ihumb-iodex, SS^oo net. 



American Year-Book 

Saunders' American Vear-Boolt oi Medicine and Sur-' 

gery. Kdiied by George M. Gould, A. M., M. [). In two* 

vohmies: Vo). \.—G(neral Medicine, octavo, 715 pages, illits-§ 

Irated ; Vol. W.^General Sur/^fry, octavo, 684 jiages, illustrated.! 

Pervol.: Cloth, $3.00 net ; Half Morocco, $3.75 net. Soiii ^ 

Siiiscriftioti. 

The Lancet. London 

Helferich and Bloodgood's 
Fractures and Dislocations 



Atlas and Bpiton 

By I'NOK. I 
Edited, with addition: 
1 Surgery, John 



■ of Traumatic Fractures and Dislo- 

:. 11, HKf.KERicii. of (Jreitswald, I 
by Joseph C Bloodgoou, M. D. 
Hopkins University, Baltimore. From., 



< the Fifth Jimsed and Enlarged German Edition. 216 colored] 
figures on 64 lithographic plates, 190 text-cuts, and 353 pageaj 
of text. Cloth, S303 "et. In Saunders' Alias Series. 

\ Medkal N«wi. New York 
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Sultan and Coley's 
Abdominal Hernias 

Atlas and Epitome of Abdominal Hernias. By Pr. D: 

G. Sultan, of Gottingen. Edited, with additions, by Wm. ] 
CoLEY, M. I)., Clinical Lecturer on Surgery, Columbia Unive 
fi sity. New York. 119 illustrations, 36 in colors, and 277 pag( 

^J! of text. Cloth, ;j;3.oo net. /// Saunders' Hand- A this Series. 

J R. H. M. Dawbam, M. D., Professor of Surgery and Surgieal Ana f am 

1 A\'7u York Polyclinic. 

jj^ " I have spent several interestlnjf hours over it to-day, and shall willingly recommend 

' to my classes at the Polyclinic Collejje and elsewhere." 
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Warren's Patholoj[y and Therapeutic 

Surgical Pathology and Therapeutics. By J. CoLLI^ 
Warren, M. 1)., LL. D., F. R. C. S. (Hon.), Professor o 
Surgery, Harvard Medical School. Octavo, 873 pages, 13 
illustrations, ;^;^ in colors. Cloth, $5.00 net; Sheep or Hal 
Morocco, ^6.00 net. 

SECOND EDITION, WITH AN APPENDIX 

Roswell Park, M. D., /// //le Harvard Graduate Magazine. 

" I think it is the most creditable book on surgical pathology, and the most beautifi 
medical illustration of the bookmakers' art that has ever been issued." 



Zuckerkandl and DaCosta's 
Operative Surgery 



Atlas and Epitome of Operative Surgery. By Dr. O 

ji. I Zuckerkandl, of Vienna. P^dited, with additions, by J. Chal 

MEKS DaCosta, M. D., Professor of the Principles of Surgen 
and Clinical Surgery, Jefferson Mcdir:^l College, Phila. 4< 
colored plates, 278 text-cuts, and 410 pages of text. Cloth 
%2i'S^ ^^^' ^^^ Saunders' Atlas Series. 

SECOND EDITION, REVISED AND GREATLY ENLARGED 

York Medical Journal 

e know of no other work upon the suVjecl \vv v,Vxc\v i\ve \\\x.%vx^uotv^ ^t^ ^^ xv>xo«x. 
nerally satisfactory." 




Robson and Moynihan on the Pancreas 

'HE Pancreas anu Their Surcicai. Treatment. 

A. W. MAV.J JiijKSON, F. R. C. S., Senior Sui^eon, Leeds (jeueral I 
infirmary, England ; and B. U. A. MdVNIuAn, M, S. (I.oiid.), F. R. C. S., 
Asaislanl Surgeon, Lecda General Infirmary, Kogland. Octavo of 29J ! 
pages, illualrBted. Cloth, gj.oo oel. 
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Senn on Tumors 



Second Reviled Editioii 

PATH0I.1«V AMJ SUkMCAC. TRZ,M MENT (»• TUMOKS By NlCH.i 
Senn, M. D., Ph. U., LL. D., Professor of Suigery, Rush McdioU | 
College, Chicago. HHiidiome octavo, ;i8 pai;es, with 478 engravings, A 
including 12 full-page colored plates. Clolli, fs.oo net ; Sheep or Half f 



Macdonald's Diagnosis and Treatment 



A Clinical Text-Book op Sum;iC;i 
By J, W. MacDONALD, M. D- Edin . F- R. C. S. Edin,, frofesso 
ilus of the Prtictice of Sut^icry an I of Clinical Surgery in Momlj 
veraily, Minneapolis. Minn. Octavo, 79S pages, handsomely illi 
Ciolh. (5.00 nel ; Sheep or Half Moroccd, JS.oo net. 

" Can hu bEcn ukEn tu lay dawn tql<a for a lyitemUic and comprebcnsr 



Golebiewski and Bailey's Accident Diseases \ 

Atlas A^D Eiti'iime nt' l)lSK*s^■s Caiiseh kv Ani^KNT.*. By Im 
Ell. GoLElilJ,WsKi, of Berlin. Edited, with additions, by pE/im:i 
Baiiev, .M. 1).. Attending Physician to the Almshouse :ind Inourtible J 
Hospitals. New York, With ;i colored figures on 40 jilates, 143 lexl- T 

■" and 549 pages of lexL Clolh, ^.00 net. /« Sniimitrf Hand- \ 
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H&ynes' Anatomy 

A Manual of Anatomy. By Irving S. Haynks, M. D., Profe 
of I'ractical Anatomy, Cornell University Medical College. Octavo, 
pages, with 42 diagrams and 134 full-page half-tones. Cloth, $2.50 : 

American Pocket Dictionary '^""''^^t'uf^J''" 

Thk American Pocket Medical Dictionary. Edited by W. 
Newman Dorland. A. M., M. D., Assistant Obstetrician, Hospital 
the University of Pennsylvania, etc. 566 pages. Full leather, lii 
with gold edges, ^i.oo net ; with patent thumb-index, $1.2$ net. 

*' 1 am struck at once with admiration at the compact size and attractive extei 
I can recommend it to our students without reserve."— James W. Holland M. 
J'ro/issor of Medical (Jiemistry and Toxicology ^ and Dean ^ Jefferson MedLal >> 
lege, Philadelphia. 

Beck's Fractures 

Fracturp:s. By Carl Beck, M. D., Professor of Surgery, N 
York Post-graduate Medical School and Hospital. With an Appem 
on the Practical Use of the Rontgen Rays. 335 pages, 170 illustratio 
Cloth, tl6^ net. 

Moynihan's Gastric & Duodenal Ulcers J,"^ 

The Surgical Treatmknt of Gastric and Duodenal Ulcki 
By P). G. A. Moynihan, M. S. (Lond.), F. R. C. S. Eng., Senior As^ 
tant Surgeon, Leeds General Infirmary, etc. Octavo, illustrated. Bea 
tifully bound in cloth, $2.50 net. 

This work, by a distinguished surgeon, is a concise and accurate treatise on 
important subject. The cases detailed will be found of unusual interest. 

Ill i': Stoney's Surgical Technic for Nurses 

Bacteriology and Surgical Tkchmc for Nurses. By Emu 
A. M. Stoney, Superintendent of the Training School for Nurses at tl 
Carney Hospital, South Boston, Mass. i2mo, 200 pages, illustrate 
Cloth, ;?i.25 net. 

" These subjects are treated most accurately and up to date, without the sup 
fluous reading which is so often employed. . . . Nurses will find this book of t 
greatest value " — Trained Nurse and Hospital Review. 

Grant on Face, Mouth, and Jaws 

A Text-Book ok the Surgical Principles and Surgical Di 
eases of the Face, Mouth, and Jaws. For Dental Students. 1 
H. Horace Grant, A. M., M. D., Professor of Surgery and of Clinic 
Surgery, Hospital College of Medicine. Octavo of 231 pages, with < 
illustrations. Cloth, $2.50 net. 

/ // " The language of the book is simple and clear. . . . We recommend the work 
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those for whom it is intended." — Philadelphia Medical Journal. 



SUNCEKY Ai\'D A.XATOMY 



Warwick and Tunitall's First Aid 

hmsTAllIT,, III.', ISJUVEDAM. Slfk- lly K j. \VA U WIC 
M. B. Canlal.., Assotiale of King's Coliege, Ijjndon ; and A. C. Toi 
STALL, M. D., V . K. C. S. Edin., Suigeon-Ci plain Comma nding It 
London Volunlter HrJuade KKarer Com[Hiay. iCmo uf 232 pages a 
nearly 200 illustraliona. Clolh, *i.oo neL 

Naliona] Guard."— yDi.r«,l/ Amtriian JUrdiial Ajixialiim " ^ 

Beck's Surgical Asepsis 

A Maniml of SunnicAL AsEraia. By Carl BfCK. M. 
fcsaor of Surgery. New York Post gradiiale Medical School and \ 
pilal. 306 pages ; 65 text- illustrations and 12 full-page ptales 
pi, 25 n«. 



Pye's Bandaging 



SuRtiiCAi. Dkessinh. With Din 
realmeni of Cases orEmei^ency. 
rgeoii lo St. Mary's Hospital, Li 

Clulh, flexible covers, 75 ets. r 



Sean's Syllabus of Surgery 

A SVLIAUUS ilV \.KCWKtS (IN THE PBACTICE OP SuKCERY. 
ranged in conformity with "Americnn Text-Book of Sui^cij." 
NICIIOI.AS Senn, M. U., Ph. D., LI- 1)., Professor of Surgery, F 
Medical College, Chicago. Clolh, J1.50 net. 

icvidcnily spared do pains in makine Us Syllabus r lion 






A pwhiilogy."- 






Keen's Operation Blank. Second EditiMi, Revbed Form 

An Operathin Blank, wirii LrsTs iw Instrumfnts, Etc., E 

quired ill Various Operations. Prepared by Wm. W. KtEN, 
I.I.. U. !•■. R.C S, (Hon.), Profes«,rof the Principles of Surgery ai 
of Clinical Sui^ery, JelTertum Metlical Cullege, Pliiladelphia. "i'ri 
per pad, htnnks for fifty operations, 50 cts. net. 

Keen on the Surgery of Typhoid 

TirE SuKiJicAL Complications and Skquels hi- TvfHom 
By Wm. W. Kebn, M, ii., LL, U.. K. R. C. S. (Hon.), Pmfes.'^ir 
Ihc Principles of Surgery and of Cliniml Surgery. Jefferson Mclici 
College, I'hiladelphia, etc. Octavo volume of 3S6 pages, illustral 
Cloth, (j.oo net. 
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i6 SCK'GKKY AND ANATOMY 

Moore's Orthopedic Surgery 

A Mam AL m|. Orthoi'EDIc Sircjery. By James E. Moore, M. D., 
I'nilVsstjr of <"linic;il Siirj^cry, University of Minnesota, College of Medi- 
( luc aiiil Surgery. Octavo of 356 pages, handsomely illustrated. Cloth, 
52 50 mi. 

" 'I'lic Ixxik is eminently prai-tical. It is a safe xuide in the understanding and treat- 
nniii "I iirthii|H:iiic cases. Sht^uld he (iwned by every surgeon and practitioner." — 
Anna/s oj Surgity. 

Nancrede's Anatomy and Dissection, rourth Edition 

KSM.MIALS OF ANA'n)MY A.M) MaMAL OF PKACmCAL DlSSECl'ION, 

I»y Charles B. Nancrkdk, M. 1)., Professor of Surgerj- and of Clinical 
Surgery, University of Micliigiui, Ann Arlx)r. Post -octavo ; 500 pages, 
with full-page litliographic plates in colors, and nearly 2CO illustrations. 
E\ir.i Cloth (or Oilcloth for the dissecting-room), $2.00 net. 

' Tlie plates are i>f more than ordinary excellence, and are of especial value to 
students in their work in the (lL\smc\.\n^-TooT[i."—Joutnal 0/ the AtneridiH Jiledical 
A.iSiK'iation. 

Nancrede's Principles of Surg(ery 

Lkcti'rks on the Principlks of SrR(;ERY. Kv Chari.es B. Nan- 
crkhi:, M. D., LL. D., Professor of Surgery and of Clinical Sui^ery, 
University of Michigan, Ann Arl)or. (Jctavo, 398 pages, illustrated. 
Cloth, $2.50 net. 

" \Ve can strongly recommend this })ook tt) all students and those who would see 
somethin>^ of the scientific foundation upon which the art of surgery is built." — 
Quarterly Medical Journal, Shcjffieldy Enf^land. 

Nancrede's EssentisJs of Anatomy. Sixth Revised CdHioii 

KssKNTiATS OF Ana T* »MY, including the Anatomy of the Viscera. 
IJy CiiARi.KS 1>. Nancri-dk, M. D., Professor of Surgery and of Clinical 
Surgery, University of Michigan, Ann Aiiuir. Crown octavo, 2t^'^ l^gcs, 
iSo cuts. With an AjijxMulix containing over 60 illustrations of the 
(Mrolo^y i)f llie body. Hased on Gray's Anatomy. Cloth, $1.00 net 
/// SduniiiTs' Qut.^lion Compends. 

" 'J'he (juestions have hcen wisely selected, and the answers accurately and con- 
cisely >fivcn." — University Medieal Mat^azine. 

Martin's Essentials of Surg(ery. Seventh RevUed Edition 

Kssknifals oi' SURdERY. Containing also Venereal I diseases. Surgi- 
cal Landmarks, Minor and Operative Surj^ery, an«l a c<Miiplete description, 
Willi illustrations, of the Handkerchief and Roller Pandages. By Ed- 
ward Martin, A.M., M. 1).. Professor of Clinical Surgery, University 
of Pennsylvania, etc. Crown (/ctavo, 338 pages, illustrated. With an 
Aj^pendix on Antiseptic Surgery, etc. Cloth, $1.00 net. /// Saunders^ 
Question C \mipcnds. 

Martin's Essentials of Minor Surg(ery. Bandaging* 

and Venereal Diseases. Second Revised Edition 

P'ssentiat.s of Minor SrK(;KRY, Hanh\(;fn(:, and Vknereal Dis- 
KASES. Py ICdwari) Martin, A. M., M. 1).. Profes.sor of Clinical Sur- 
gery, University of Pennsylvania, etc. ('row n octavo, 1 66 pages, with 
7^ iiiustrations. Cloth, $1.00 net. Jn Saundiis" Question Com pends. 



MEDICAL HAND-ATLASES. 

Thb seriw of boaka included under this llt1« aie auUioriied traDslaliom | 
D EnglUh of (be woild-runoui 

Lctimann Hedidnische HandatUnten, 

'^blch for iclentlfio accuracy, plciorial beauty, cDrnpactncM, and 
sllBapDaH saqnss inj' dmiUr Tolumes ever published. 

Eacb valuoie co&taint from 50 10 lOO coloied plaica, besides iiumcr- 
illaitraCiana in the leit. The colored platei hnve been executed by the 
'molt Ekilful GermiD lithographen, in lomc coses more than twenty ira* 
{irewioiis being required to olxsin the desired resuU. Eacb plate is BCCom- 
pajiicdby a full and appiopriate deacriplioti, sod each book contaios ■ con- 
densed but adequate outline of tLe subject lo which it is devoted. 

It of the noat valuable features of these allues it that Ihey oBiir a 
nady aad aatlafactaiy aubatitute for clinical obaervatioa. Suili sli- 
ion. of course, is aviilsble only lo the residents in lai^e medical cenlen; 
ran then the requisite variety is seen only after long years of routioc 
^loipital work. To those unable to attend important clinic* these books 
win be abtolutel; iudispcniable, as piesenling ■□ a complete and con- 
lE form the most accurate rcproduclioni of clinical work, iiiU>]n«leil 
tj (bt most competent of clinical leachen. 

While appreciatfng the value of such colored plalea, (he pmfesnon has 
berelofore been practically debarred from purchuing simitar works becauM 
r«f ihnr extremely high price, made necessary by a limited sale and an 
lous eipenie of production. Now, however, by reason of iheir pro- 
jecled univeraal traniUlion and reproduction, aflotding international dit- 
tlibulioD, the puUisben have been enalited lo secure for these aliases the 
teat aniatia and professional lalcnt, lo produce them in the moai 
•lejfBM style, and yet to offer them at a price heretofore onapptoscbed 
fo chiaapnesa. The great luccaw of the undertaking is demoRiitated . 
hj the fact tiiEl the voiumes have already appeared, in thirteen different 
languages — GcrmaQ, English, French, Italian. Russian, Spanish, Dutch, 
"'npanese, Oaniib, Swedish, Roumanian, Bohemian, and Hungarian. 

T*e same cartful and competent editorial auperwislon has been 
ecured in the English edition as in the originals. The Iriutlalions hive 
leen idltid by the leading American specialista in the differci 
Jecta. The volumes are of a uniform and convenient liie (5 x 
re subslaniially bound in doth. 

(For List of Books, PHcei, etc tu axA ^svu^ 
Pampltlcl ffn talning apccktoua tjl *ba OJkm«& "^ 
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